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ABSTRACT

Objectives | Tumors may not optimally respond to systemic therapy if minimal effective 
therapeutic levels are not reached within the tumor. Erlotinib has mainly been studied 
in the adjuvant or palliative setting and, therefore, little is known about erlotinib tumor 
penetration. The purpose of this exploratory study is to investigate lung tumor tissue 
concentrations after neoadjuvant erlotinib therapy for non-small cell lung cancer 
(NSCLC). 

Patients and Methods | Patients were treated preoperatively with erlotinib (150 mg 
QD for 3 weeks) up to 48 hours prior to surgery. Plasma samples were collected 
during treatment. Surgical resection involved radical resection of the lung tumor 
and tumor biopsies were frozen directly after surgery. Erlotinib and O-desmethyl 
erlotinib concentrations in lung tumor tissue and plasma were determined using high 
performance liquid chromatography coupled to tandem mass spectrometry (HPLC-MS/
MS). 

Results | Thirteen evaluable patients were included. The mean plasma and lung tumor 
tissue erlotinib levels were 1222 ng/mL (standard deviation (SD) 678) and 149 ng/g 
(SD 153), respectively. In two individual patients, erlotinib and O-desmethyl erlotinib 
concentrations in lung tumor tissue were detectable up to 13 days and 7 days after 
erlotinib intake, respectively. Mean erlotinib tissue concentrations extrapolated to a 
time point directly after intake of erlotinib were approximated at >200 ng/g tissue, 
which is above the reported IC50 of wild-type EGFR (183 ng/mL).

Conclusion | No strong accumulation of erlotinib in lung tumor tissue was observed. 
Nevertheless, extrapolated intratumoral concentrations during erlotinib therapy were 
above the IC50 of wild-type EGFR.
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INTRODUCTION

The epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) erlotinib is 
a targeted agent which has been approved for second-line treatment of patients with 
non-small cell lung cancer (NSCLC) regardless of the EGFR genotype and in first-line 
treatment of patients with activating mutations in EGFR (1). It has been established 
that the magnitude of the pharmacological effect of erlotinib (EGFR tyrosine kinase 
inhibition) in vitro is concentration dependent (2). Moreover, in clinical studies trough 
plasma concentrations of erlotinib and its metabolite (O-desmethyl erlotinib) have 
been correlated with treatment outcome (3). The minimal effective therapeutic level 
of erlotinib for wild-type EGFR, as deduced from half maximal inhibitory concentration 
(IC50) in vitro after correction for plasma protein binding is 183 ng/mL (2,4).
Penetration of drugs into tumor tissue is affected by different factors including 
tumor vascularisation, plasma protein binding, drug efflux pumps in tumor cells and 
intratumoral drug metabolism (5-9). Tumors may not optimally respond to systemic 
therapy if minimal effective therapeutic levels are not reached within the tumor (2). 
Since erlotinib has been studied mainly in the adjuvant or palliative setting, little is 
known about tumor penetration in NSCLC (10-12). Due to tumor location and risk of 
complications it is not common to obtain (repeated) tumor samples of NSCLC patients 
following systemic treatment. However, the introduction of neoadjuvant (preoperative) 
treatment with targeted agents enables the collection of tumor material during 
resection to get insight into tissue penetration of erlotinib. Therefore, an exploratory, 
observational study was performed within a multicenter phase II study of neoadjuvant 
erlotinib monotherapy in early stage NSCLC patients (13). The purpose of this study was 
to investigate erlotinib plasma and lung tumor tissue concentrations after neoadjuvant 
erlotinib therapy. 
 
PATIENTS AND METHODS

This exploratory study was part of a larger multicenter phase II trial performed in the 
Netherlands (13). The study protocol was approved by the institutional review board 
and was conducted in accordance with guidelines established by the World Medical 
Association Declaration of Helsinki.

Eligibility 
Patients with newly diagnosed resectable NSCLC over 18 years of age could enter 
the study. Patients had to have an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1, and were neither pregnant nor breastfeeding. The 
diagnosis had to be histologically proven or highly probable (> 95%) based on 
medical history, chest X-ray, spiral CT-scan, bronchoscopy and [18F)-FDG-Positron 
Emission Tomography (PET scan). Exclusion criteria were continuation of smoking, 
prior malignancy treated with HER1/EGFR inhibitors, ophthalmologic abnormalities 
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(especially those causing dry eyes) or the unwillingness or inability to wear glasses 
instead of contact lenses during treatment. 
	 For a patient to be evaluable in the present pharmacological study, a tissue 
sample collected after erlotinib therapy and data on the duration of the interval 
between last intake of erlotinib and surgery had to be available. 

Treatment schedule 
Preoperative treatment consisted of 150 mg erlotinib once daily for a period of at least 
3 weeks. Surgical resection involved a radical resection of the tumor, preferably by 
lobectomy, and regional lymph nodes (at least three hilar and three mediastinal lymph 
node stations). Erlotinib was stopped at least 48 hours prior to surgery to prevent 
wound complications at resection. The treatment duration of three weeks was chosen 
to fit within the “preoperative window”, thereby not delaying surgery.

Pharmacokinetics of tumor tissue and plasma
Plasma samples were collected in the afternoon between day 14 and 21 of the erlotinib 
treatment. Patients were instructed to take erlotinib at dinnertime, therefore, time 
between intake and blood collection was between 18 and 24 hours. All plasma samples 
were snap frozen and stored at -80°C until analysis. The resection specimens were snap 
frozen at -80°C directly after surgery until further processing. A 50 to 150 mg specimen 
from each resected tumor was weighted accurately. Subsequently, an accurate volume 
of 500 to 1500 μL of drug-free human plasma was added to obtain samples containing 
100 mg of lung tumor tissue per 1.0 mL of plasma. Lung tumor tissue homogenate was 
prepared by using a rotor/stator-type mechanical homogenizer for minimal three minutes 
per sample. Tissue homogenate samples were stored at nominally -20oC until analysis. 
	 Bio-analytical quantification of erlotinib and its metabolite, O-desmethyl 
erlotinib, in plasma and lung tumor tissue homogenates was performed by using high-
performance liquid chromatography and detection with tandem mass spectrometry 
(HPLC-MS/MS) as described previously (14). The lower limit of detection (LLOD) of the 
assay for both compounds was established at 2.0 ng/mL and 20 ng/g in plasma and 
tumor tissue samples, respectively. 

Mutational analysis
EGFR and KRAS mutational status were determined in the postoperative material by 
isolating DNA from fresh tumor tissue and formalin-fixed paraffin-embedded tumor 
samples (Roche Diagnostics, Pleasanton, California, USA).

Statistical analyses
Descriptive statistics were used to summarize the patient characteristics and erlotinib 
and O-desmethyl erlotinib plasma and tissue concentrations. 
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RESULTS

Patients’ characteristics 
Between December 2006 and November 2010 tumor tissue and plasma samples were 
collected from 14 NSCLC patients receiving erlotinib preoperatively. One patient was not 
evaluable, since no data on time interval between last erlotinib dose and surgery were 
available. Clinical and histological data for all evaluable patients are listed in Table 1. 

Plasma and tumor tissue concentrations
An overview of measured erlotinib and N-desmethyl erlotinib concentrations in plasma 
and lung tumor tissue samples of all patients is presented in Table 2. Mean plasma 
trough erlotinib and O-desmethyl erlotinib levels were 1222 ng/mL (SD 678) and 179 ng/
mL (SD 140), respectively. Mean lung tumor tissue levels of erlotinib were 149 ng/g 

 

Characteristics Total 
(n=13) 

Gender                                               (number of pts (%))  
Male         5   (39) 

     Female 8   (61) 
Age (y)                                                              (mean (range)       63  (47-74) 
Tumor histology                           (number of pts (%))  

Adenocarcinoma        10  (77) 
Squamous cell carcinoma 1    (8) 

Large cell carcinoma 2   (15) 
Smoking status                            (number of pts (%))  

Never smoker 3   (23) 
Former smoker 7   (54) 
Current smoker 3   (23) 

KRAS mutation status              (number of pts (%))  
Negative       11   (85) 
Positive 2   (15) 

EGFR mutation status              (number of pts (%))  
Negative       10   (77) 
Positive 3   (23) 

Median erlotinib treatment duration  
                                                       (median number of days) 

 
      20 

Median period between erlotinib treatment 
and surgery                         (median number of days) 

 
       6 

Table 1. Patient characteristics 
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Patient Plasma concentration  
(ng/mL) 

Tumor tissue concentration 
(ng/g) 

Time interval 
between last 

erlotinib intake and 
surgery (days) 

 Erlotinib O-desmethyl 
erlotinib 

Erlotinib O-desmethyl 
erlotinib 

 

  1* 1407 161 105 <LLOD 6 
  2* NA NA 441 57.7 3 
  3 701 85.7 <LLOD <LLOD 7 
  4 993 83.0 450 187 1 
  5 2521 520 52.0 <LLOD 3 
  6 1189 162 77.6 <LLOD 4 
  7 633 52.6 33.2 <LLOD 10 
  8 862 126 48.3 <LLOD 3 
  9 782 76.0 197 46.9 7 
10 NA NA <LLOD <LLOD 19 
11 2440 348 84.8 <LLOD 4 
12 596 212 110 <LLOD 13 
13* 1321 141 39.3 <LLOD 7 
Mean  1222 179 149 79.2 7 
SD 678 140 153 78.0 4.9 

Table 2. Erlotinib and O-desmethyl erlotinib concentrations in plasma and lung tumor tissue. 

* represents a patient with EGFR mutation . LLOD, lower limit of detection (2.0 ng/mL in plasma samples and 20 ng/g in tissue samples); NA, not available. 

(SD 153). The median number of days between last erlotinib administration and surgery 
was 6 days with a range from 1 to 19 days. In one patient erlotinib tissue concentrations 
were quantifiable up to at least 13 days after intake of erlotinib. In two patients 
erlotinib tissue concentrations (collected 7 and 19 days after intake of erlotinib) were 
below the LLOD (20 ng/g). O-desmethyl erlotinib concentrations were quantifiable 
in three patients up to 7 days after intake of erlotinib with mean lung tumor tissue 
concentrations of 79.2 ng/g (SD 78.0). The relation between trough plasma levels and 
tumor tissue concentrations in the available samples was indeterminate, taking into 
account the time point of tissue collection.
 Figure 1 shows the erlotinib and O-desmethyl erlotinib lung tumor tissue 
concentrations versus the time interval between the last erlotinib dose and tumor 
tissue collection during surgery. Using extrapolation, lung tumor tissue concentrations 
during erlotinib therapy (time after erlotinib intake = 0 days) were approximated at 200 
ng/g tissue, which is above the IC50 level of wild-type EGFR inhibition by erlotinib (183 
ng/mL). No correlation between EGFR mutational status and intratumoral erlotinib 
concentrations was found.
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 DISCUSSION

This exploratory study was conducted to investigate erlotinib concentrations in lung 
tumor tissue after neoadjuvant erlotinib therapy. Only limited data of erlotinib and 
O-desmethyl erlotinib concentrations in lung tumor tissue were available thus far. 
Concentrations in lung tumor tissue were detectable up to 13 days (for erlotinib) 
and 7 days (for O-desmethyl erlotinib) after drug intake. The extrapolated tumor 
tissue concentration of approximately 200 ng/g was lower than the mean plasma 
concentrations of 1222 ng/mL, thus, no strong accumulation of erlotinib in tumor tissue 
was observed. Nevertheless, these extrapolated tumor concentrations were above the 
the IC50 level of wild-type EGFR inhibition by erlotinib (183 ng/mL).
	 A drawback of assessment of intratumoral drug concentrations is the 
availability of only one tissue sample per patient per time point (15,16). Therefore, it 
is not possible to investigate changes in tumor levels over time. In previously reported 
studies of erlotinib and gefitinib, lung tumor tissue was obtained during tyrosine 
kinase inhibitor (TKI) treatment (10-12). In our observational study, however, treatment 
with erlotinib was interrupted at least 48 hours before surgery to decrease any risk of 
surgical complications. In addition, some patients discontinued neoadjuvant treatment 
earlier due to toxicity. Therefore, we could only measure erlotinib and O-desmethyl 
erlotinib concentrations in lung tumor tissue samples that were collected at different 
time points up to 19 days after administration of erlotinib. 
	 Available data concerning TKI levels in lung tumor tissue, including data of the 
present study, showed wide variability. Variability in tumor tissue concentrations can be 
partly the consequence of variable plasma levels. The observed plasma concentrations 
and corresponding inter-patient variability within our study were comparable to 
previously reported trough plasma concentrations by Hidalgo et al. (1200 ng/mL (±SD 
620)) (3). No correlation between trough plasma levels and tumor tissue concentrations 
could be established, due to differing time points of sample collection.
	 Heterogeneity within one tumor may exist causing variable drug penetration 
within different tumor areas (9). For instance, vital tissue is supposed to have a better 
blood supply than non-vital tissue (fibrotic and necrotic tissue). Furthermore, a 
treatment response may result in a different tumor penetration in the remaining tumor 
(9). Additionally, contamination of tissue samples with blood clots can affect measured 
intratumoral TKI levels as was experienced in the study of Lassman et al (15). In our 
study no blood clots were observed in tumor samples, however, tumor heterogeneity of 
samples could not be ruled out as this is inherent to tumor tissue analysis (17).
	 A part of the lung tumor tissue samples showed undetectable amounts of 
erlotinib (15.4%) and O-desmethyl erlotinib (76.9%). The lower limit of detection of 
our assay for erlotinib and O-desemethyl erlotinib in tissue samples (20 ng/g) was well 
below the the IC50 level of wild-type EGFR inhibition by erlotinib (183 ng/mL) (2,4). 
Therefore, exact quantification of concentrations below 20 ng/g was not supposed to be 
clinically relevant.
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Due to the observational setting, tissue collection occurred at various time points 
after last erlotinib intake. Therefore, direct comparison of erlotinib and O-desmethyl 
erlotinib tissue concentrations between patients within our study and with previously 
reported data was not possible. Tumor tissue concentrations were extrapolated to 
a time point directly after intake of erlotinib and estimated at >200 ng/g tissue. In a 
previous study including 3 patients with NSCLC and 1 patient with laryngeal cancer 
treated with erlotinib (150 mg QD for 9 days), samples of tumors resected within 
90 minutes after erlotinib intake showed mean erlotinib and O-desmethyl erlotinib 
tumor concentrations of 1185 ng/g (range 94.0 - 3028) and 160 ng/g (range 125 - 184), 
respectively (12,18). 
	 In our study no indication for accumulation of erlotinib in lung tumor tissue 
was observed independent of EGFR mutational status, which was consistent with 
reported data (tissue to plasma ratio’s (n=4) of 0.05 - 1.61 and 0.88 - 1.30 for erlotinib 
and O-desmethyl erlotinib, respectively) (12,18). In contrast, for gefitinib, an other EGFR-
TKI, lung tumor concentrations during gefitinib therapy in 23 patients with NSCLC were 
40-fold elevated compared to plasma concentrations which suggested that gefitinib 
strongly accumulated in lung tumor tissue (10). Since physicochemical properties of 
gefitinib and erlotinib are quite similar, this difference remains unexplained. Possibly, 
interaction with drug efflux pumps P-glycoprotein (P-gp) or Breast Cancer Resistance 
Protein (BCRP) in tumor cells for which erlotinib is a substrate (6,19,20) or metabolism 
of erlotinib by CYP1A1/1A2 may be involved (7,21). Nevertheless, even without tissue 
accumulation 150 mg QD erlotinib leads to lung tumor tissue concentrations in NSCLC 
exceeding the IC50 level of wild-type EGFR inhibition.



70 Chapter IV

REFERENCES

1. 	 Thomas F, Rochaix P, White-Koning M et al. Population pharmacokinetics of 
	 erlotinib and its pharmacokinetic/pharmacodynamic relationships in head and 
	 neck squamous cell carcinoma. Eur J Cancer 2009; 45: 2316-23.
2. 	 Carey KD, Garton AJ, Romero MS et al. Kinetic analysis of epidermal growth factor 	
	 receptor somatic mutant proteins shows increased sensitivity to the epidermal 
	 growth factor receptor tyrosine kinase inhibitor, erlotinib. Cancer Res 2006; 66: 	
	 8163-71.
3. 	 Hidalgo M, Siu LL, Nemunaitis J et al. Phase I and pharmacologic study of OSI-774, 
	 an epidermal growth factor receptor tyrosine kinase inhibitor, in patients with 
	 advanced solid malignancies. J Clin Oncol 2001; 19: 3267-79.
4. 	 Sangha R, Davies AM, Lara PN, Jr. et al. Intercalated Erlotinib-Docetaxel Dosing 
	 Schedules Designed to Achieve Pharmacodynamic Separation: Results of a Phase I/
	 II Trial. J Thorac Oncol 2011; 6: 2112-9.
5. 	 Bergan T, Engeset A, Olszewski W. Does serum protein binding inhibit tissue 
	 penetration of antibiotics? Rev Infect Dis 1987; 9: 713-8.
6. 	 de Vries NA, Buckle T, Zhao J et al. Restricted brain penetration of the tyrosine 
	 kinase inhibitor erlotinib due to the drug transporters P-gp and BCRP. Invest New 
	 Drugs 2012; 30: 443-9.
7. 	 Gharavi N, El-Kadi AO. Expression of cytochrome P450 in lung tumor. Curr Drug 	
	 Metab 2004; 5: 203-10.
8. 	 Gottesman MM. Mechanisms of cancer drug resistance. Annu Rev Med 2002; 53: 615-
	 27.
9. 	 Graves EE, Maity A, Le QT. The tumor microenvironment in non-small-cell lung 
	 cancer. Semin Radiat Oncol 2010; 20: 156-63.
10. 	Haura EB, Sommers E, Song L et al. A pilot study of preoperative gefitinib for early-
	 stage lung cancer to assess intratumor drug concentration and pathways mediating 
	 primary resistance. J Thorac Oncol 2010; 5: 1806-14.
11. 	McKillop D, Partridge EA, Kemp JV et al. Tumor penetration of gefitinib (Iressa), an 
	 epidermal growth factor receptor tyrosine kinase inhibitor. Mol Cancer Ther 2005; 4: 
	 641-9.
12. 	Petty WJ, Dragnev KH, Memoli VA et al. Epidermal growth factor receptor tyrosine 
	 kinase inhibition represses cyclin D1 in aerodigestive tract cancers. Clin Cancer Res 
	 2004; 10: 7547-54.
13. 	Schaake EE, Kappers I, Codrington HE et al. Tumor Response and Toxicity of 
	 Neoadjuvant Erlotinib in Patients With Early-Stage Non-Small-Cell Lung Cancer. J 
	 Clin Oncol 2012; Epub July 2012.
14. 	Lankheet NAG, Schaake EE, Rosing H et al. Quantitative determination of erlotinib 
	 and O-desmethyl erlotinib in human EDTA plasma and lung tumor tissue. 
	 Bioanalysis 4[21]. 2012. 



71Concentration erlotinib in serum and tissue following neoadjuvant therapy

15. 	Lassman AB, Rossi MR, Raizer JJ et al. Molecular study of malignant gliomas treated 
	 with epidermal growth factor receptor inhibitors: tissue analysis from North 
	 American Brain Tumor Consortium Trials 01-03 and 00-01. Clin Cancer Res 2005; 
	 11:7841-50.
16. 	Reck M, Hermes A, Tan EH et al. Tissue sampling in lung cancer: a review in light of 
	 the MERIT experience. Lung Cancer 2011; 74: 1-6.
17. 	Pitz MW, Desai A, Grossman SA et al. Tissue concentration of systemically 
	 administered antineoplastic agents in human brain tumors. J Neurooncol 2011; 
	 104: 629-38.
18. 	European Medicines Agency (EMA). Tarceva: EPAR - Scientific Discussion. Available 
	 at: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Scientific_
	 Discussion/human/000618/WC500033991.pdf. Date accessed July 17, 2012. 2005. 
19. 	Marchetti S, de Vries NA, Buckle T et al. Effect of the ATP-binding cassette drug 
	 transporters ABCB1, ABCG2, and ABCC2 on erlotinib hydrochloride (Tarceva) 
	 disposition in in vitro and in vivo pharmacokinetic studies employing Bcrp1-/-/
	 Mdr1a/1b-/- (triple-knockout) and wild-type mice. Mol Cancer Ther 2008; 7: 2280-7.
20. 	Wang XK, Fu LW. Interaction of tyrosine kinase inhibitors with the MDR- related ABC 
	 transporter proteins. Curr Drug Metab 2010; 11: 618-28.
21. 	Hughes AN, O’Brien ME, Petty WJ et al. Overcoming CYP1A1/1A2 mediated induction 
	 of metabolism by escalating erlotinib dose in current smokers. J Clin Oncol 2009; 
	 27: 1220-6.


