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Introduction

The discovery of Tyrosine Kinase inhibitors (TKIs) of Epidermal Growth Factor Receptor (EGFR) 
represented a significant revolution for the treatment of non-small cell lung cancer (NSCLC). In 
fact, they are administered orally, on an out-patient basis, at fixed dose, and independently of weight, 
height, sex or age. Moreover, they recognize a specific target (EGFR) on lung cancer cells and for 
this reason are referred to as “targeted therapy” [1]. Clinical studies and meta-analyses have shown 
that TKIs of EGFR were more effective than chemotherapy [2–5] so that they represented the new 
gold standard treatment. Gefitinib and Erlotinib were the first-generation reversible EGFR TKIs 
approved while Afatinib is a second-generation irreversible EGFR TKI. 

Osimertinib is a third-generation irreversible EGFR‑TKI, which binds both EGFR activating 
mutations (Exon 19 deletion, L858R) and the resistance-associated T790M mutation via covalent 
bonding to cysteine 797 in the ATP-binding site [6]. Initially, it was approved only for T790M-
positive NSCLC patients progressing on earlier-generation TKIs [7,8]. Later, it became the preferred 
choice both for the first-line treatment (regardless of T790M status) and in the adjuvant setting [9].

Nevertheless, clinical trials have reported primary resistance to EGFR TKIs in approximately 20% 
to 40% of patients. 

TKIs have physical chemistry properties that make them insoluble in water [10,11] limiting IV 
preparation. For this reason, it is important to study the bioavailability of each individual TKI across 
the gut membrane. It is not yet clear whether this primary resistance is partially attributable to 
impaired intestinal epithelial transport of these targeted agents [2–4,7].

Absorption Mechanisms 

The physicochemical properties of each molecule influence its absorption by the small intestine so 
that poor uptake from the gut may lead to drug resistance. 

The intestinal epithelium cells are polarized into an apical membrane (exposed to the gut 
contents) and a basolateral membrane across which the compounds go into the blood flow. The 
transcellular process is considered the main absorption process since the paracellular process is 
limited by tight junctions between epithelium cells [12,13]. After the uptake across the apical 
membrane the compound becomes, into the cytosol, exposed to several processes that could limit its 
efficacy: ATP-binding cassette (ABC) transporters such as P-gp (P-glycoprotein) and BCRP (Breast 
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Cancer Resistance Protein) are ATP-dependent efflux transporters 
located on the apical membrane of enterocytes that actively facilitate 
its efflux back into the gut [14]; CYP3A4 (Cytocrome P450 3A4) 
is a metabolic enzyme could change the molecular characteristics 
of the compound favoring or its deactivation braking down [15]; 
the compound could be sequestered into internal organelles or 
vesicles [16]. Pharmacokinetically, a high efflux ratio reduces drug 
bioavailability, resulting in lower plasma concentrations and reduced 
steady-state levels. 

Transwell System 

To better investigate the gut absorption of several TKIs, it was used 
an optimized Transwell system with a Caco-2 cell line originating 
from a colorectal adenocarcinoma and was cultured in DMEM 
supplemented with 10% FBS and 20 mM HEPES at 37°C, 5 % 
CO2 and 100% humidity. Using a special coating in a transwell, the 
cell line forms a cellular layer with specific transporter expression at 
each side [17,18]. Active and passive transport were characterized 
by culturing the cells at a low temperature (4°C; passive transport) 
or a physiological temperature (37°C; active and passive transport). 
The methodology employs TEER measurements for barrier integrity, 
5% BSA for stability, and specific inhibitors (Ko143, NaN₃) with 
LC-MS/MS quantification to differentiate active transport from 
passive diffusion. The optimization and validation of this model was 
previously described [18]. 

This widely used in vitro model is considered one of the best 
representative models. Through this model, it was possible to 
investigate for each compound the transport from the theoretical 
gut to the epithelium lining and vice versa and to determine the 
perfusion coefficients. A perfusion coefficient ratio greater than 1 was 
indicative that most of the compound was subjected to efflux from 
the epithelium lining to apical direction; on the contrary, a perfusion 
coefficient ratio less than 1 was indicative of a predominant uptake 
direction. 

TKI Comparisons 

When the gut absorption of different EGFR TKIs was analyzed, 
using Transwell system, important differences were identified.

Gefitinib showed a perfusion coefficient in the uptake direction of 
0.57 µm/s and in the reverse direction of 0.19 µm/s, with a net efflux 
ratio of 0.33. Higher concentrations of Gefitinib into the gut inhibited 
the absorption effect suggesting that the passage of the compound 
was a combination of an active and passive transport mechanism 
although the uptake diffusion was predominantly active. Erlotinib 
showed a perfusion coefficient in the uptake direction of 0.48 µm/s 
and in the reverse direction of 0.79 µm/s with a net efflux ratio of 
1.66. Therefore, these experiments showed consistent differences 

between first generation TKIs of EGFR in terms of gut absorption.  
 Afatinib showed a perfusion coefficient in the uptake direction 
of 1.5 µm/s and in the reverse direction of 10.9 µm/s with a net 
efflux ratio of 7.3. Similarly to Erlotinib, Afatinib reported a 
higher basolateral to apical perfusion rate than apical to basolateral 
perfusion rate. Therefore, it was observed among EGFR TKIs a 
large variation in the net intestinal absorption from the apical to 
basolateral side: in particular erlotinib and Afatinib showed an efflux 
significantly greater ratio than 1 indicating either a poor apical-
basolateral transfer or a high reversed reflux to the apical (gut) [11].

Unfortunately, we don’t have sufficient in vitro data about the gut 
absorption of Osimertinib, likely due to its recent approval and its 
demonstrated superiority in phase III studies compared to first- and 
second-generation EGFR TKIs. 

A comparison between the absorption properties of EGFR TKIs 
and clinical response rates is shown in Table 1.

An interesting study reported the plasma concentration analyses, 
using mass spectrometry, of a patient with advanced EGFR-mutated 
adenocarcinoma of the lung who received Osimertinib 80 mg/day 
orally achieving a partial response. Subsequently, the patient was 
subjected to extensive intestinal resection resulting in short bowel 
syndrome. A malabsorption of Osimertinib was documented with 
a consequent plasma concentration of the drug below the expected 
plasma concentration. The optimal plasma concentration was 
obtained increasing the dose of Osimertinib at 120 mg/day [19]. 

Clinical Implications

If we consider the activity of TKIs of EGFR reported in the 
clinical trials, the response rate ranged between 75% to 80% [2–
4,7]. We could postulate that interindividual genetic characteristics 
of single patients may affect the gut absorption of the TKIs through 
a variability in the uptake or efflux processes [20]. Furthermore, 
it remains uncertain whether an individual’s intestinal absorption 
capacity is static or can undergo dynamic changes over time. Multiple 
physiological and clinical variables such as gastric pH fluctuations, 
gastrointestinal transit alterations, aging, disease progression, and 
concomitant medications can influence oral drug exposure within 
the same patient, yet the temporal evolution of absorption capacity 
remains poorly defined [21]. Administration of TKIs is usually 
recommended under fasting conditions although the effect of food 
on intestinal absorption appears to differ depending on the drug: 
increased absorption in the case of Gefitinib and Erlotinib and 
decreased in the case of Afatinib [21,22]. 

The majority of advanced NSCLC patients treated with TKIs 
of EGFR necessarily experience progression of disease. Several 
mechanisms of acquired resistance have been described including 

Table 1. TKIs of EGFR: absorption properties versus clinical response rates.

TKI [ref] Perfusion coefficient µm/s Response Rate %

Uptake Reverse direction Net efflux ratio

Gefitinib [2] 0.57 0.19 0.33 74

Erlotinib [3] 0.48 0.79 1.66 58

Afatinib [4] 1.5 10.9 7.3 67

Osimertinib [7] MD MD MD 80

TKI: Tirosine Kinase Inhibitor; EGFR: Epidermal Growth Factor Receptor; MD: Missing Data
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secondary mutations of EGFR or activation of other pathways such 
as MET, HER2, BRAF, RAS [23,24]. In about 20% of the cases the 
mechanism of resistance is not identified so that we may hypothesize 
that in some cases a secondary pharmacokinetic resistance 
mechanism may be involved. To overcome the pharmacokinetic 
resistance, plasma pharmacokinetic assays could be helpful 
although they are rarely applicable in routine clinical practice. A 
better understanding of the conditions that can alter the intestinal 
absorption might help identify which patients would benefit from 
pharmacokinetic monitoring. Moreover, it can be postulated that 
engineering new compounds with a lower net efflux ratio may 
reduce this pharmacokinetic resistance. 

Future Directions

The microbiome, is an emerging and widely studied factor in 
cancers. Unfortunately, up to now the potential influence of gut 
microbiome in the absorption of EGFR TKIs has not been extensively 
studied and future studies are warranted. Microbiome alterations can 
alter drug absorption either through direct structural modification of 
the drug or by varying the expression of intestinal transporters and 
CYP3A4 [25]. After the gut absorption into the blood flow other 
pharmacokinetic characteristics of single compounds can determine) 
their efficacy. Interesting preliminary data reported from clinical 
samples showed that for some compounds, the concentration in the 
whole blood was significantly higher than that found in the plasma. 
Both Gefitinib and Erlotinib showed a high red cells uptake but in 
particular in the case of Erlotinib the whole blood concentration of 
the compound resulted 100-fold higher than plasma concentration. 
This observation deserves further investigations taking into account 
that pharmacokinetic studies are usually limited to plasma samples.

Conclusions 

Although clinical studies have clearly shown the superiority of 
EGFR TKIs compared to chemotherapy, approximately 20 to 40% 
of patients experience primary resistance to these compounds. This 
primary resistance might be partially attributable to pharmacokinetic 
resistance driven by altered or reduced gut absorption. Therefore, 
investigating the intestinal absorption of EGFR TKIs and the 
mechanisms that can modify it may further improve clinical 
outcomes for EGFR- mutated lung cancer patients. 
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