
Abstract 
Background/Aim: The epidermal growth factor receptor (EGFR) gene was the first driver gene discovered in non‑
small cell lung cancer (NSCLC), and the introduction of tyrosine kinase inhibitors (TKIs) has improved patient 
prognosis, but often at reduced doses. Conventional dose determination methods for cytotoxic antitumor drugs were 
not applicable to EGFR‑TKIs and were determined differently. The purpose of this study was to determine the 
characteristics of patients undergoing EGFR‑TKI dose reduction, and the impact of such dose reduction on survival. 
Patients and Methods: Patient characteristics, treatment, overall survival, and progression‑free survival of patients 
with EGFR mutation‑positive NSCLC treated with EGFR‑TKIs between August 2008 and April 2024 at two hospitals 
were retrospectively evaluated. 
Results: Of 165 patients, 67.3% received TKI dose reduction; patients who received TKI dose reduction had a smaller 
body surface area (p=0.029), which was more common in patients with better performance status (p=0.026). Side 
effects, especially diarrhea and rash, were the main reasons for this. Overall survival was significantly longer in the 
dose reduction group than in the recommended dose group (p=0.011). Multivariate analysis showed that TKI dose 
reduction was a favorable factor with a hazard ratio of 0.68 (p=0.046). 
Conclusion: Reducing TKI dose is an option for patients with EGFR‑mutated NSCLC, especially in elderly or 
underweight patients who develop adverse effects, and there is no reason to hesitate to reduce the TKI dose in these 
patients. 
 
Keywords: Non‑small cell lung cancer, EGFR mutation, EGFR‑TKI, osimertinib, dose reduction.
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Introduction 
 
Advances in molecular biology have led to the discovery of 
numerous driver genes, resulting in great advances in the 
treatment of advanced non‑small cell lung cancer (NSCLC). 
The epidermal growth factor receptor (EGFR) gene was the 
first driver gene to be discovered, and the introduction of 
the therapeutic tyrosine kinase inhibitors (TKIs) into 
clinical practice has led to a significant improvement in 
patient prognosis (1‑4). For conventional cytotoxic 
antitumor drugs, the antitumor effects are expected to be 
dose‑dependent, thus the most common method has been 
to determine the maximum tolerated dose by gradually 
increasing the dose. However, because such a conventional 
method was unable to determine the maximum tolerated 
dose of EGFR‑TKIs, the recommended dose for each TKI was 
determined using different methods (5‑9). Importantly, the 
phase I trials that determined the recommended dose of 
EGFR‑TKIs included many patients who were younger than 
those seen in actual clinical practice, had good general 
condition, and did not have any comorbidities (5‑9). 
Furthermore, the number of patients involved in these 
determinations was not necessarily large (5‑9). 

It was initially reported that EGFR gene‑positive lung 
cancer patients tended to be female, younger, had 
adenocarcinoma, and were non‑smokers (10). Subsequent 
clinical studies later revealed that EGFR gene‑positive 
patients included a fair proportion of elderly patients and 
patients with smaller body sizes (11). Looking back at the 
EGFR‑TKI clinical trials with a focus on dosage, the 
proportion of patients who received a reduced dose below 
the recommended dose was not so low as to be negligible 
(4). More recently, surveys of actual clinical practice have 
shown that EGFR‑TKI dose reduction is being carried out 
in a not‑insignificant proportion of patients (12‑15). 

In light of this, the present study was conducted to 
clarify the current clinical situation regarding the 
following two issues: the characteristics of patients 
undergoing EGFR‑TKI dose reduction; and whether 
reducing the dose of EGFR‑TKI has a detrimental effect on 
patient survival. Because this was a retrospective study 

that did not involve a large number of patients, the study 
does not directly lead to definitive conclusions. However, 
we believe that the results obtained in this study might 
provide some suggestions for similar research in the 
future, and we therefore report them herein. 

 
Patients and Methods 
 
Patients. This was a retrospective study that examined the 
medical records of all EGFR mutation‑positive NSCLC 
patients who received EGFR‑TKI treatment between 
August 2008 and April 2024 at two hospitals: Mito Kyodo 
Hospital, Mito Medical Center, University of Tsukuba, and 
Ryugasaki Saiseikai Hospital. The pathological diagnosis of 
NSCLC was based on the World Health Organization 
classification (16). Before the start of anticancer treatment, 
all patients with EGFR‑positive NSCLC were clinically 
staged according to the TNM classification (17) using head 
computed tomography (CT) or magnetic resonance 
imaging, bone scan, 2‑deoxy‑2‑[18F]‑fluoro‑D‑glucose 
positron emission tomography/CT, ultrasound, and/or 
abdominal CT. EGFR mutation positivity in each patient was 
confirmed using either the cobas® EGFR Mutation Test 
(Roche Diagnostics, Tokyo, Japan), Oncomine Dx Target 
Test (Life Technologies Japan, Tokyo, Japan), or Foundation 
One (Foundation Medicine, Boston, MA, USA). The 
following clinical information was extracted from medical 
records: patient age, sex, Eastern Cooperative Oncology 
Group performance status (PS), histology, and clinical stage 
at the time of NSCLC diagnosis. Overall survival (OS) of each 
patient was defined as the time from the start of EGFR‑TKI 
treatment to death or last follow‑up, and progression‑free 
survival (PFS) was defined as the time from the start of TKI 
treatment to disease progression or death. In this study, 
EGFR‑TKI patients were defined as those receiving any of 
five TKIs that could be dose‑reduced: erlotinib, afatinib, 
osimertinib, and dacomitinib. Dose reduction of EGFR‑TKI 
was defined as any reduction from the recommended dose 
at least once during the course of treatment. No 
stratification was performed in this study regarding the 
amount or duration of dose reduction. 
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Statistical analysis. In this study, the chi‑squared test, Mann‑
Whitney U‑test, and Fisher’s exact test were used for 
statistical comparison between groups. Survival curves 
were created using the Kaplan‑Meier method, and 
comparisons between groups were performed using the 
log‑rank test. In addition, the effect of dose reduction on OS 
and PFS was adjusted using the Cox proportional hazards 
model. The association between patient characteristics 
[age, body surface area (BSA), weight, PS, and stage] and 
survival was also evaluated using multivariate analysis. R 
version 4.4.1 (2024‑06‑14, R Foundation, Vienna, Austria) 
was used for all statistical analyses.  
 
Ethics. This study complied with the “Ethical Guidelines 
for Clinical Research” of the Ministry of Health, Labor and 
Welfare of Japan. Comprehensive informed consent was 
obtained from each patient at the time of consultation. 

This study was approved by the Ethics Committee of the 
Mito Medical Center, University of Tsukuba (NO 20‑57). 

 
Results 
 
Comparison between the recommended dose group and the 
dose reduction group. The total number of patients 
administered EGFR‑TKI during the study period was 165. 
Of these, 54 patients never underwent TKI dose reduction 
during the course of treatment (recommended dose 
group). On the other hand, 111 of the 165 patients (67.3%) 
experienced TKI dose reduction (dose reduction group). 

Characteristics of the patients in these two groups are 
shown in Table I. The median BSA was 1.57 (range=1.2‑1.95) 
in the recommended dose group but was significantly lower 
in the dose reduction group (1.47, range=1.18‑1.96; 
p=0.029). The proportion of patients with a PS of 0‑1 was 

Table I. Patient characteristics. 
 
                                                                                 Overall                                     Recommended dose                             Dose reduction                              p‑Value 
 
Number of patients                                 165                                                           54                                                        111                                                           
Age [median (range)]                                72           (40‑92)                              72.5           (42‑92)                                72            (40‑92)                             0.345
Sex [n (%)]                                                                                                                                                                                                                                                   
Male                                                                68             (41.2)                                   28             (51.9)                                  40             (36.0)                               0.064
    Female                                                       97             (58.8)                                   26             (48.1)                                  71             (64.0) 
Height [median (range)]                       158         (140‑179)                            159         (140‑178)                        155.5         (141‑179)                          0.131
Weight [median (range)]                         51           (32‑79)                              56.5          (35‑78.1)                               50            (32‑79)                             0.016
BSA [median (range)]                              1.5        (1.18‑1.96)                          1.57         (1.2‑1.95)                           1.47        (1.18‑1.96)                          0.029
PS [n (%)]                                                                                                                                                                                                              
    0~1                                                          138             (83.6)                                   40             (74.1)                                  98             (88.3)                               0.026
    2~3                                                             27             (16.4)                                   14             (25.9)                                  13             (11.7) 
Histology [n (%)]                                                                                                                                
    AD                                                             152             (92.1)                                   49             (90.7)                               103             (92.8)                               0.759
    NonAD                                                       13              (7.9)                                      5              (9.3)                                      8               (7.2)                                  
EGFR [n (%)] 
    Exon 19 deletion                                    97             (58.8)                                   32             (59.3)                                  65             (58.6)                               0.078 
    Exon 21 L858R mutation                     54             (32.7)                                   21             (38.9)                                  33             (29.7) 
    Minor mutation                                      14              (8.5)                                      1              (1.9)                                   13             (11.7)                                  
Stage [n (%)]                                                                                                                                                                                                                                                
    Other                                                          47             (28.5)                                     8             (14.8)                                  39             (35.1)                               0.01
    4                                                                118             (71.5)                                   46             (85.2)                                  72             (64.9) 
TKI name [n (%)]                                                                                                                                                                                                                                       
    Afatinib                                                      46             (27.9)                                   10             (18.5)                                  36             (32.4)                               0.003
    Dacomitinib                                                4              (2.4)                                      1              (1.9)                                      3               (2.7) 
    Erlotinib                                                    36             (21.8)                                     6             (11.1)                                  30             (27.0) 
    Osimertinib                                              79             (47.9)                                   37             (68.5)                                  42             (37.8) 
                                                                                                 
BSA: Body surface area; PS: performance status; AD: adenocarcinoma; EGFR: epidermal growth factor receptor; TKI: tyrosine kinase inhibitor.



74.1% in the recommended dose group and in the dose 
reduction group it was significantly higher at 88.3% 
(p=0.026). The proportion of patients with a PS of 2‑3 was 
25.9% in the recommended dose group and 11.7% in the 
dose reduction group. The proportion of stage IV patients 
was significantly higher in the recommended dose group 
(85.2% of patients) than in the dose reduction group (64.9% 
of patients, p=0.010). The characteristics of the two groups 
of patients treated with osimertinib are shown in Table II. 

 
Reason for dose reduction of TKI. The most common reason 
for dose reduction of TKI was side effects, including 
diarrhea in 22 patients, skin rash in 21 patients, loss of 
appetite in nine patients, and paronychia in six patients. 
Other reasons for dose reduction included advanced age 
in 16 patients, decreased PS in nine patients, and other 
reasons in 28 patients. 
 
Survival in the two groups. There was no significant 
difference observed in PFS between the dose reduction 

and recommended dose groups (median PFS=9 months in 
the dose reduction group vs. median PFS=7 months in the 
recommended dose group, p=0.0834). On the other hand, 
OS was significantly longer in the dose reduction group 
than in the recommended dose group (median OS=20 
months in the dose reduction group vs. median OS=17 
months in the recommended dose group, p=0.011; Figure 
1). In the analysis of patients aged 75 years or older with 
BSA <1.5 m2, there was no significant difference in PFS or 
OS between the dose reduction group and the 
recommended dose group (median PFS, 9 vs. 10 months, 
respectively, p=0.878; median OS, 23 vs. 20 months, 
respectively, p=0.105; Figure 2). PFS was significantly 
longer in the osimertinib dose reduction group than in the 
recommended dose group (median PFS, 15 vs. 11 months, 
respectively, p=0.0482). On the other hand, there was no 
significant difference in OS (median OS, 23 vs. 17 months, 
respectively, p=0.158; Figure 3). A multivariate logistic 
regression analysis was performed with factors that had 
values of p<0.05 from the univariate analysis as explanatory 
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Table II. Characteristics of patients treated with osimertinib. 
 
                                                                                 Overall                                     Recommended dose                             Dose reduction                              p‑Value 
 
Number of patients                                    79                                                           37                                                           42                                                           
Age [median (range)]                                74           (40‑92)                                 74           (42‑92)                                74            (40‑92)                             0.64 
Sex [n (%)]                                                                                                                                                                                                                                                    
    Male                                                            32             (40.5)                                   18             (48.6)                                  14             (33.3)                               0.178 
    Female                                                       47             (59.5)                                   19             (51.4)                                  28             (66.7) 
Height [median (range)]                       155         (140‑179)                            158         (140‑178)                           153        (142.4‑179)                         0.286 
Weight [median (range)]                         52           (32‑79)                                 54        (36.6‑77.7)                          49.5            (32‑79)                             0.115 
BSA [median (range)]                            1.47        (1.18‑1.96)                          1.55         (1.27‑1.9)                        1.435        (1.18‑1.96)                          0.157 
PS [n (%)]                                                                                                                                                                                                                                                     
    0~1                                                             67             (84.8)                                   28             (75.7)                                  39             (92.9)                               0.057 
    2~3                                                             12             (15.2)                                     9             (24.3)                                    3               (7.1) 
Histology [n (%)]                                                                                                                                
    AD                                                               76             (96.2)                                   35             (94.6)                                  41             (97.6)                               0.597 
    NonAD                                                          3              (3.8)                                      2              (5.4)                                      1               (2.4) 
EGFR [n (%)]                                                                                                                                                                                                                                                
    Exon 19 deletion                                    45             (57.0)                                   21             (56.8)                                  24             (57.1)                               0.259 
    Exon 21 L858R mutation                     28             (35.4)                                   15             (40.5)                                  13             (31.0)                                  
    Minor mutation                                         6              (7.6)                                      1              (2.7)                                      5              (11.9) 
Stage [n (%)]                                                                                                                                                                                                                                                
    Other                                                          24             (30.4)                                     8             (21.6)                                  16             (38.1)                               0.144 
    4                                                                   55             (69.6)                                   29             (78.4)                                  26             (61.9) 
 
BSA: Body surface area; PS: performance status; AD: adenocarcinoma; EGFR: epidermal growth factor receptor. 



variables and 3‑year survival as the objective variable. As 
a result, TKI dose reduction was extracted as a favorable 
factor, with an odds ratio of 3.570 (p=0.028; Table III). Cox 
proportional hazards regression analysis also showed that 

being Stage IV was a risk factor with a hazard ratio of 1.56 
(p=0.037). Whether the TKI dose was reduced or not was 
a favorable factor with a hazard ratio of 0.68 (p=0.046; 
Table IV). 
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Figure 1. Kaplan‐Meier curves for progression‐free survival (A) and overall survival (B) in the dose reduction group (bold) and the recommended 
dose group (normal).

Figure 2. Kaplan‐Meier curves for progression‐free survival (A) and overall survival (B) in patients aged 75 years or older with a body surface area 
<1.5 m2, comparing the dose reduction group (bold) and the recommended dose group (normal).



Discussion 
 
This study revealed the following four points: 1) In the five 
types of EGFR‑TKIs currently available, dose reduction was 
performed in 67.3% of the 165 TKI‑administered patients 
researched; 2) In particular, dose reduction was performed 
in 40% of patients with the third‑generation TKI, 
osimertinib; 3) The most common reasons for reducing the 
dose of TKI were side effects, low body weight, and old age. 
However, poor PS was not the reason for dose reduction; 
and 4) When comparing PFS and OS between patients who 
underwent dose reduction and those who did not, reducing 
the dose of TKI did not result in a disadvantage to survival. 
Furthermore, the OS was significantly longer in patients 
who underwent dose reduction than in those who did not. 

Dose‑finding studies of many antitumor drugs have 
not necessarily investigated large numbers of patients 
(18). The same was true for the clinical trials used to set 
the recommended doses of EGFR‑TKIs, which were 
determined based on the results of 50‑60 patients (5, 8). 
Unlike conventional antitumor drugs, side effects of the 
most EGFR‑TKIs are not dose‑dependent (19). Therefore, 

except for the maximum tolerated dose determined for 
skin toxicity caused by erlotinib, the maximum tolerated 
dose has not been determined, and the recommended 
dose has been determined taking into account efficacy and 
side effects (7‑9). EGFR‑positive patients are evaluated to 
be predominantly younger women, and the median age of 
the EGFR‑positive patients in most clinical trials was in the 
50s (5‑7). There have been attempts to improve the 
response rate of gefitinib, a first‑generation TKI, by 
combining it with other antitumor drugs and taking into 
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Figure 3. Kaplan‐Meier curves of progression‐free survival (A) and overall survival (B) in patients treated with osimertinib in the dose reduction 
group (bold) and the recommended dose group (normal).

Table III. Logistic regression analysis in all the 165 TKI‐treated patients 
with overall survival ≥3 years or <3 years. 
 
Factor                                       p‑Value               Odds ratio                95%CI 
 
Body surface area                 0.941                      0.97                   0.43‑2.18 
 >1.5 or not                                                                                                     
PS: 0‑1 or not                          0.589                      1.44                   0.38‑5.42 
Stage: IV or not                       0.153                      0.54                   0.24‑1.25 
Dose reduction                       0.028                      3.57                 1.15‑11.10 
 of TKI or not 
 
CI: Confidence interval; PS: performance status; TKI: tyrosine kinase 
inhibitor.



account gene polymorphisms (20, 21). However, since 
gefitinib could only be administered in one dosage form, 
250 mg tablet, it was not possible to reduce the dose 
during treatment. For second‑ and third‑generation TKIs, 
a dose finding study have been attempted taking into 
account the site of metastasis (22). Subsequent studies in 
actual clinical practice have reported that EGFR‑positive 
patients included elderly and underweight patients (11). 
Patients with these characteristics have rarely been 
included in clinical trials, and reducing the dose of TKIs in 
these patients seemed not to be anticipated. However, a 
closer look at the clinical trials of EGFR‑TKIs reveal that 
dose reduction of TKIs occurs in 20%‑30% of patients (4), 
and furthermore, in clinical practice, dose reduction 
occurs in 30%‑40% of patients. In addition, this latter 
study found that appropriate dose reduction was not 
associated with poorer outcomes. Considering these 
results, there seems little need to hesitate to reduce the 
dose of TKIs when side effects occur, out of concern that 
it may shorten survival. Adherence to the recommended 
doses of TKIs might not be necessary, especially in elderly 
and underweight patients. Actually, since it is currently 
impossible to measure TKI blood concentrations in clinical 
practice, the appearance of a facial rash might also be used 
as a reference in clinical practice, as it is considered 
evidence that the TKI blood concentration is within the 
appropriate range. Also, in analyzing the difference in 
survival rates between all TKI treatments and osimertinib 
specifically, two factors stand out: osimertinib has been 

shown to provide a longer PFS than second‑generation 
TKIs, and immune checkpoint inhibitor treatment has 
become available since osimertinib was introduced. Based 
on this, our considerations were as follows: Unlike second‑
generation TKIs, dose reduction of osimertinib due to side 
effects did not impair the duration of response, and if the 
dose reduction was appropriate, it might contribute to 
extending PFS. On the other hand, regarding OS, many 
EGFR‑positive patients respond to immune checkpoint 
inhibitors after TKIs (23), and we speculated that this 
effect outweighed that of reducing the dose of TKIs. 

Although this study was able to provide new findings as 
described above, it had several limitations: The first was 
that this was a retrospective study. It is desirable to 
investigate as many patients as possible, but even in this 
regard, caution is required. The next limitation to note is 
that the comparison of survival times was not performed 
using propensity matching to match patient backgrounds. 
It was determined that if this comparison had been 
performed, the study would have been able to come closer 
to more convincing evidence. However, we were able to 
show that there was no worsening of prognosis in the group 
that included a greater number of patients with poorer 
clinical conditions, such as older age or low body weight, 
and we evaluated that our initial objective was achieved. 
Although phase II trials have been conducted using TKI 
doses lower than the recommended levels for elderly 
patients (24), it is unlikely that phase I trials to establish the 
recommended dose of EGFR‑TKIs, which have already been 
in clinical use for some time, will be conducted in the future. 
In that sense, it is important to conduct real‑world clinical 
investigations including as many patients as possible. We 
believe that our results provide considerable insight into 
the future clinical application of EGFR‑TKIs. 

 
Conclusion 
 
When side effects occur in patients with EGFR gene‑
mutated NSCLC in clinical practice, particularly in elderly 
or underweight patients, reducing the dose of TKI is a 
suitable option, with no cause for hesitation. 
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Table IV. Cox proportional hazards regression analysis in all the 165 TKI‐
treated patients with overall survival. 
 
Factor                                       p‑Value             Hazard ratio              95%CI 
 
Body surface area                 0.963                      0.99                   0.70‑1.41 
 >1.5 or not                                                                                                     
PS: 0‑1 or not                          0.156                      0.71                   0.44‑1.14 
Stage: IV or not                       0.037                      1.56                   1.03‑2.36  
Dose reduction                       0.046                      0.68                   0.46‑1.00 
 of TKI or not 
 
CI: Confidence interval; PS: performance status; TKI: tyrosine kinase 
inhibitor. 



Funding 
 
No funding was received. 
 
Conflicts of Interest 
 
The Authors declare that they have no competing interests 
in relation to this study. 
 
Authors’ Contributions 
 
AM, YM, KM, and HS designed this study. AM, HM, YM, SO, 
GO, SS, KM, TK, and HS collected data. AM, YM, KM, and HS 
analyzed the data. AM and HS prepared the manuscript. TS, 
YY, HS, and NH supervised this study. All Authors have 
approved the final version of the manuscript for submission. 

 
References 
 
1 Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N, 

Sunpaweravong P, Han B, Margono B, Ichinose Y, Nishiwaki 
Y, Ohe Y, Yang JJ, Chewaskulyong B, Jiang H, Duffield EL, 
Watkins CL, Armour AA, Fukuoka M: Gefitinib or carboplatin–
paclitaxel in pulmonary adenocarcinoma. N Engl J Med 
361(10): 947‑957, 2009. DOI: 10.1056/NEJMoa0810699 

2 Maemondo M, Inoue A, Kobayashi K, Sugawara S, Oizumi S, 
Isobe H, Gemma A, Harada M, Yoshizawa H, Kinoshita I, Fujita 
Y, Okinaga S, Hirano H, Yoshimori K, Harada T, Ogura T, Ando M, 
Miyazawa H, Tanaka T, Saijo Y, Hagiwara K, Morita S, Nukiwa T, 
North‑East Japan Study Group: Gefitinib or chemotherapy for 
non‑small‑cell lung cancer with mutated EGFR. N Engl J Med 
362(25): 2380‑2388, 2010. DOI: 10.1056/NEJMoa0909530 

3 Sugawara S, Oizumi S, Minato K, Harada T, Inoue A, Fujita Y, 
Maemondo M, Yoshizawa H, Ito K, Gemma A, Nishitsuji M, 
Harada M, Isobe H, Kinoshita I, Morita S, Kobayashi K, 
Hagiwara K, Kurihara M, Nukiwa T: Randomized phase II 
study of concurrent versus sequential alternating gefitinib 
and chemotherapy in previously untreated non‑small cell 
lung cancer with sensitive EGFR mutations: NEJ005/ 
TCOG0902. Ann Oncol 26(5): 888‑894, 2015. DOI: 10.1093/ 
annonc/mdv063 

4 Sequist LV, Yang JC, Yamamoto N, O’Byrne K, Hirsh V, Mok T, 
Geater SL, Orlov S, Tsai CM, Boyer M, Su WC, Bennouna J, Kato 
T, Gorbunova V, Lee KH, Shah R, Massey D, Zazulina V, Shahidi 
M, Schuler M: Phase III study of afatinib or cisplatin plus 
pemetrexed in patients with metastatic lung adenocarcinoma 
with EGFR mutations. J Clin Oncol 31(27): 3327‑3334, 2013. 
DOI: 10.1200/JCO.2012.44.2806 

5 Yap TA, Vidal L, Adam J, Stephens P, Spicer J, Shaw H, Ang J, 
Temple G, Bell S, Shahidi M, Uttenreuther‑Fischer M, Stopfer 
P, Futreal A, Calvert H, de Bono JS, Plummer R: Phase I trial of 
the irreversible EGFR and HER2 kinase inhibitor BIBW 2992 
in patients with advanced solid tumors. J Clin Oncol 28(25): 
3965‑3972, 2010. DOI: 10.1200/JCO.2009.26.7278 

6 Hidalgo M, Siu LL, Nemunaitis J, Rizzo J, Hammond LA, 
Takimoto C, Eckhardt SG, Tolcher A, Britten CD, Denis L, 
Ferrante K, von Hoff DD, Silberman S, Rowinsky EK: 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 19(13): 3267‑3279, 
2001. DOI: 10.1200/JCO.2001.19.13.3267 

7 Takahashi T, Boku N, Murakami H, Naito T, Tsuya A, Nakamura 
Y, Ono A, Machida N, Yamazaki K, Watanabe J, Ruiz‑Garcia A, 
Imai K, Ohki E, Yamamoto N: Phase I and pharmacokinetic 
study of dacomitinib (PF‑00299804), an oral irreversible, 
small molecule inhibitor of human epidermal growth factor 
receptor‑1, ‑2, and ‑4 tyrosine kinases, in Japanese patients 
with advanced solid tumors. Invest New Drugs 30(6): 2352‑
2363, 2012. DOI: 10.1007/s10637‑011‑9789‑z 

8 Nakagawa K, Tamura T, Negoro S, Kudoh S, Yamamoto N, 
Yamamoto N, Takeda K, Swaisland H, Nakatani I, Hirose M, 
Dong R, Fukuoka M: Phase I pharmacokinetic trial of the 
selective oral epidermal growth factor receptor tyrosine 
kinase inhibitor gefitinib (‘Iressa’, ZD1839) in Japanese 
patients with solid malignant tumors. Ann Oncol 14(6): 922‑
930, 2003. DOI: 10.1093/annonc/mdg250 

9 Jänne PA, Yang JC, Kim DW, Planchard D, Ohe Y, Ramalingam 
SS, Ahn MJ, Kim SW, Su WC, Horn L, Haggstrom D, Felip E, Kim 
JH, Frewer P, Cantarini M, Brown KH, Dickinson PA, Ghiorghiu 
S, Ranson M: AZD9291 in EGFR inhibitor‑resistant non‑small‑
cell lung cancer. N Engl J Med 372(18): 1689‑1699, 2015. DOI: 
10.1056/NEJMoa1411817 

10 Shigematsu H, Gazdar AF: Somatic mutations of epidermal 
growth factor receptor signaling pathway in lung cancers. Int 
J Cancer 118(2): 257‑262, 2006. DOI: 10.1002/ijc.21496 

11 Seto T, Kato T, Nishio M, Goto K, Atagi S, Hosomi Y, Yamamoto 
N, Hida T, Maemondo M, Nakagawa K, Nagase S, Okamoto I, 
Yamanaka T, Tajima K, Harada R, Fukuoka M, Yamamoto N: 
Erlotinib alone or with bevacizumab as first‑line therapy in 
patients with advanced non‑squamous non‑small‑cell lung 
cancer harbouring EGFR mutations (JO25567): an open‑
label, randomised, multicentre, phase 2 study. Lancet Oncol 
15(11): 1236‑1244, 2014. DOI: 10.1016/S1470‑2045(14) 
70381‑X 

12 Poh ME, Chai CS, Liam CK, Ho GF, Pang YK, Hasbullah HH, Tho 
LM, Muhamad Nor I, Ho KF, Thiagarajan M, Samsudin A, Omar 
A, Ong CK, Soon SY, Tan SN, How SH: Does dose reduction of 
afatinib affect treatment outcomes of patients with EGFR‑
mutant metastatic non‑small cell lung cancer in real‑world 
clinical practice? Transl Lung Cancer Res 13(2): 307‑320, 
2024. DOI: 10.21037/tlcr‑23‑691 

214

CANCER DIAGNOSIS & PROGNOSIS 5: 207‑215 (2025)



13 Tozuka T, Noro R, Miyanaga A, Nakamichi S, Takeuchi S, 
Matsumoto M, Kubota K, Kasahara K, Seike M: Osimertinib 
early dose reduction as a risk to brain metastasis control in 
EGFR‑mutant non‑small cell lung cancer. Cancer Med 12(17): 
17731‑17739, 2023. DOI: 10.1002/cam4.6393 

14 Hirano R, Uchino J, Ueno M, Fujita M, Watanabe K: Low‑dose 
epidermal growth factor receptor (EGFR)‑tyrosine kinase 
inhibition of EGFR mutation‑positive lung cancer: therapeutic 
benefits and associations between dosage, efficacy and body 
surface area. Asian Pac J Cancer Prev 17(2): 785‑789, 2016. 
DOI: 10.7314/apjcp.2016.17.2.785 

15 Puliafito I, Esposito F, Raciti G, Giuffrida P, Caltavuturo C, 
Colarossi C, Munao S, Sciacca D, Giuffrida D: Metabolic 
complete tumor response in a patient with epidermal growth 
factor receptor mutant non‑small cell lung cancer treated 
with a reduced dose of afatinib. J Int Med Res 50(3): 
3000605211058864, 2022. DOI: 10.1177/030006052110 
58864 

16 Ranson M, Hammond LA, Ferry D, Kris M, Tullo A, Murray PI, 
Miller V, Averbuch S, Ochs J, Morris C, Feyereislova A, 
Swaisland H, Rowinsky EK: ZD1839, a selective oral 
epidermal growth factor receptor–tyrosine kinase inhibitor, 
is well tolerated and active in patients with solid, malignant 
tumors: results of a phase I trial. J Clin Oncol 20(9): 2240‑
2250, 2002. DOI: 10.1200/JCO.2002.10.112 

17 Goldstraw P, Chansky K, Crowley J, Rami‑Porta R, Asamura H, 
Eberhardt WE, Nicholson AG, Groome P, Mitchell A, Bolejack 
V, International Association for the Study of Lung Cancer 
Staging and Prognostic Factors Committee, Advisory Boards, 
and Participating Institutions: The IASLC Lung Cancer 
Staging Project: Proposals for revision of the TNM stage 
groupings in the forthcoming (eighth) edition of the TNM 
classification for lung cancer. J Thorac Oncol 11(1): 39‑51, 
2016. DOI: 10.1016/j.jtho.2015.09.009 

18 Potter DM: Phase I studies of chemotherapeutic agents in 
cancer patients: a review of the designs. J Biopharm Stat 
16(5): 579‑604, 2006. DOI: 10.1080/10543400600860295 

19 Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger 
KR, Yatabe Y, Beer DG, Powell CA, Riely GJ, Van Schil PE, Garg 
K, Austin JH, Asamura H, Rusch VW, Hirsch FR, Scagliotti G, 
Mitsudomi T, Huber RM, Ishikawa Y, Jett J, Sanchez‑Cespedes 

M, Sculier JP, Takahashi T, Tsuboi M, Vansteenkiste J, Wistuba 
I, Yang PC, Aberle D, Brambilla C, Flieder D, Franklin W, 
Gazdar A, Gould M, Hasleton P, Henderson D, Johnson B, 
Johnson D, Kerr K, Kuriyama K, Lee JS, Miller VA, Petersen I, 
Roggli V, Rosell R, Saijo N, Thunnissen E, Tsao M, Yankelewitz 
D: International association for the study of lung 
cancer/american thoracic society/european respiratory 
society international multidisciplinary classification of lung 
adenocarcinoma. J Thorac Oncol 6(2): 244‑285, 2011. DOI: 
10.1097/JTO.0b013e318206a221 

20 Kitagawa C, Mori M, Ichiki M, Sukoh N, Kada A, Saito AM, 
Ichinose Y: Gefitinib plus bevacizumab vs. gefitinib alone for 
EGFR mutant non‑squamous non‑small cell lung cancer. In 
Vivo 33(2): 477‑482, 2019. DOI: 10.21873/invivo.11498 

21 Katsuya Y, Miyake K, Higuchi T, Oshiro H, Sugisawa N, Singh 
SR, Goto Y, Zhao M, Hoffman RM: Comparison of the efficacy 
of EGFR tyrosine kinase inhibitors erlotinib and low‑dose 
osimertinib on a PC‑9‑GFP EGFR mutant non‑small‑cell lung 
cancer growing in the brain of nude mice. In Vivo 34(3): 
1027‑1030, 2020. DOI: 10.21873/invivo.11871 

22 De Moraes FCA, Souza MEC, Da Silva ER, Kreuz M, Burbano 
RMR: Impact of ABCG2 rs2231142(421C>A) variant on the 
clinical outcomes of patients with EGFR‑mutated non‑small 
cell lung cancer treated with gefitinib: a comprehensive meta‑
analysis. Anticancer Res 44(12): 5361‑5370, 2024. DOI: 
10.21873/anticanres.17363 

23 Tamura T, Numata T, Yanai H, Nakamura R, Shiozawa T, 
Watanabe H, Okauchi S, Kikuchi N, Miyazaki K, Hayashi S, 
Yamashita T, Kurishima K, Inagaki M, Satoh H, Ishikawa H, 
Kaburagi T, Endo T, Sakamoto T, Hizawa N: Atezolizumab for 
EGFR‑mutated non‑small cell lung cancer patients: an 
observation study in Ibaraki Group (ATTENTION‑IBARAKI). 
Anticancer Res 43(10): 4583‑4591, 2023. DOI: 10.21873/ 
anticanres.16652 

24 Imai H, Kaira K, Suzuki K, Anzai M, Tsuda T, Ishizuka T, 
Kuwako T, Naruse I, Nemoto K, Uchino J, Morozumi N, 
Ishihara S, Minato K, Hisada T: A phase II study of afatinib 
treatment for elderly patients with previously untreated 
advanced non‑small‑cell lung cancer harboring EGFR 
mutations. Lung Cancer 126: 41‑47, 2018. DOI: 10.1016/ 
j.lungcan.2018.10.014

215

Mochizuki et al: Dose Reduction of EGFR‑TKI




