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Xu et al. performed a post-hoc analysis of a randomized 
phase III trial (ADJUVANT/CTONG1104) of adjuvant 
gefitinib therapy in the treatment of Chinese patients who 
had undergone complete resection for EGFR-mutant 
stage II-IIIA non-small cell lung cancer (NSCLC) to 
evaluate patterns of spatial-temporal treatment-failure (1,2).  
Two hundred twenty-two patients were randomized 1:1 
to receive gefitinib or vinorelbine plus cisplatin (VP). 
Among them, 106 patients received gefitinib treatment, 
and 87 patients who received VP completed 4 cycles 
of chemotherapy. One hundred twenty-four patients 
experienced disease progression during a median follow-up 
period of 36.5 months. 

A spatial distribution analysis revealed that the most 
frequent site of metastasis was the central nervous system 
(CNS) in the gefitinib group (27.4%) and extracranial 
sites in the VP group (36.8%). A temporal distribution 
analysis revealed that the rate of recurrence was lower in 
the gefitinib group in the early period after surgery. The 
first peak of extracranial metastasis in the VP and gefitinib 
groups appeared at 9–15 and 24–30 months, respectively. 
After surgery, the highest peak for CNS metastasis in 
the VP and gefitinib groups occurred at 12–18 and  
24–36 months, respectively.

In this post-hoc analysis report, the temporal recurrence 
patterns were analyzed based on hazard ratios, an analytical 
method that may be applicable to the post-hoc analysis of 

data from other clinical trials. However, there are several 
points that need to be noted when interpreting the results.

The median disease-free survival (DFS) of patients 
with extracranial metastasis was significantly better in the 
gefitinib group. There was no significant between-arm 
difference in the DFS of patients with CNS metastasis, 
although metastasis was first seen in the CNS more 
frequently in the gefitinib group. This may be cerebrospinal 
fluid concentrations of gefitinib remain low due to poor 
penetration (3), although the same is also true for VP (4,5).  
Considering that osimertinib, a 3rd generation EGFR-TKI, 
showed better efficacy in the first-line treatment of EGFR-
mutant advanced NSCLC in the FLAURA trial (6), it is 
also likely that later generation EGFR-TKIs, including 
osimertinib, are in the same situation (7), as the authors also 
mentioned in this report. 

The temporal hazard ratio shows the temporal features 
of the recurrence patterns in each arm. The chemotherapy 
group showed a rapid increase in the rate of recurrence 
at 9–15 months after surgery. Adjuvant VP is completed 
from 12 weeks after surgery, and the rate of recurrence 
at approximately 1 year after surgery can thereafter be 
judged to be slightly better in comparison to advanced 
NSCLC patients who receive platinum-doublet therapy (8), 
considering that the residual disease is originally minimal 
and that it takes a relatively long time to detect recurrent 
lesions in imaging studies. In addition, the first peak of 
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extracranial metastasis at 9–15 months in patients treated 
with VP indicates the presence of subclones that cannot be 
suppressed by VP therapy, and additional subclones may be 
present in EGFR mutant cells. The analysis of the clinical 
background and precise patterns of recurrence in patients 
with extracranial metastasis who relapse at 9–15 months 
may provide some suggestive insights. Furthermore, these 
differences in peaks may be partially due to the duration of 
treatment. In the gefitinib group, patients began to relapse 
after 12 months, which is reasonable, considering that 
the median progression-free survival (PFS) of gefitinib-
treated advanced EFGR-mutant lung cancer patients is 
approximately 10 months (9,10). In addition, as mentioned 
above, the period of 12 months is considered reasonable as 
the target lesions are minimal.

In the Kaplan-Meier curves for DFS, not-very-sharp 
changes can be seen in the time course. In the protocol, 
chest CT and chest radiography were performed in turn 
every three months, while brain MRI and a bone scan 
by emission CT were performed every 6 and 12 months, 
respectively. In many cases, recurrence is detected in 
imaging studies; thus, it is typical for these Kaplan-Meier 
curves to show a stair-like pattern. The true tendency of 
recurrence may be masked by these step-like shapes. Thus, 
the dynamics of the hazard rates for recurrence can help 
to clarify the temporal tendency for recurrence, and such 
analyses should be applied to the evaluation of the temporal 
recurrence patterns of other clinical trials, including post-
hoc analyses.

The present study was associated with several limitations. 
First, the observation period was relatively short. In addition, 

the 3-year DFS rates of the gefitinib and VP groups were 
34% and 27%, respectively, which are relatively poor in 
comparison to studies performed in similar settings (11).  
This may indicate some contradictions of the inclusion 
criteria (Table 1). The usefulness of postoperative gefitinib 
therapy in the elimination of minimal residual disease (MRD) 
may therefore be clarified by excluding patients with N2 
disease from the cohort. The imaging modalities that were 
applied for the staging of patients in the gefitinib arm were 
CT (59%), PET-CT (24%), and MRI or another imaging 
modality (16%). Those that were applied for the staging 
of the patients in the VP group were CT (58%), PET-CT 
(22%), and MRI or another type of modality (21%).

In terms of patient selection, the prescribed treatment 
was completed by 106 patients in the gefitinib group and 87 
patients in the VP group. At this point, the analysis of the 
differences in the events of each of the in which recurrence 
was observed (gefitinib, n=58; VP, n=56) has already resulted 
in a significantly biased cohort. 

In this ADJUVANT trial, the EGFR T790M status of 
patients in the gefitinib group who relapsed after surgery 
remains unknown. Thus, it may be necessary to compare 
gefitinib adjuvant therapy in patients who receive platinum-
based adjuvant therapy and in whom EGFR-TKI therapy is 
administered at the time of relapse to ascertain the influence 
of T790M on the treatment strategy of the ADJUVANT 
trial. In addition, T790M has also been reported to be 
associated with a more indolent phenotype (14), which may 
have led to the relatively constant increase in the HR of the 
gefitinib group. 

Since MRD with no clinical signs of recurrences after 

Table 1 List of clinical trials with EGFR-TKI for postoperative adjuvant therapy

Authors
Median follow-up  

time (months)
Median DFS  

time (total) (months)
Median DFS time  

(central nervous system) (months)
Median DFS time  

(extra-cranial) (months)

Xu et al. (2) 36.5 28.7 (Gefitinib) 40.8 (Gefitinib) 45.2 (Gefitinib)

18.0 (VP) Not estimable (VP) 37.8 (VP)

Kelly et al. (12) 47 50.5 (Erlotinib) NA NA

48.2 (Placebo) NA NA

Pennel et al. (13) 62.4 46.4 (Erlotinib) NA NA

28.5 (Placebo) NA NA

Pigmon et al. (11) 62.4 *5.3% improvement of DFS at  
5 years (platinum-doublet)

NA NA

*, data of the median DFS not available. DFS, disease-free survival; NA, not applicable; TKI, tyrosine kinase inhibitor; VP, cisplatin and 
vinorelbine.
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surgery is associated with tumor recurrence, future studies 
should focus on how to capture postoperative MRD. Since 
it is difficult to capture MRD at the point when it appears 
in follow-up imaging studies, as mentioned in this text, it 
is recommended that circulating tumor DNA (ctDNA) be 
used to detect tumor-derived miRNA or driver genes by 
high-sensitivity PCR (e.g., digital-PCR). There are two 
major problems. The first problem is that it is not clear 
which commercial kit is appropriate for collecting ctDNA. 
These kits include the widely used the cobas® EGFR 
Mutation Test v2 (cobas plasma) assay (Roche Molecular 
Systems, Inc., Pleasanton, CA, USA), which was adopted in 
FLAURA study (15), the QIAamp® circulating nucleic acid 
kit (Qiagen, Hilden, Germany) and Maxwell RSC® ccfDNA 
plasma kit (Promega, Madison, WI, USA). In contrast, 
there is no consensus regarding the superiority of plasma 
exosomal DNA over ctDNA (16). The second problem is 
that the procedures that are most appropriate for detecting 
MRD remain unclear. This is an emerging clinical question 
that is currently under study (17). Furthermore, performing 
therapeutic intervention based solely on the results of high-
sensitivity tests in situations where false positives are an 
issue remains difficult, and this can also lead to difficulties 
in treating MRD.

The strongest evidence that the eradication of MRD can 
prevent relapse—as a measurable surrogate for a cure—
comes from experience in the administration of adjuvant 
therapy to patients with completely resected NSCLC, 
which is fundamentally intended to eradicate MRD that 
escapes surgical resection (18). However, whether or not 
MRD below the limit of detection indicates a cure remains 
unclear. In addition, since neither chemotherapy nor 
molecular-targeted therapy can be said to achieve total cell 
elimination in patients with advanced malignant epithelial 
tumors, it remains unclear whether EGFR-TKIs should be 
administered in an adjuvant setting or at the time of relapse 
in patients with stage II-IIIA NSCLC. These issues may 
suggest that the purpose of adjuvant therapy is to keep the 
tumor small and the tumor cells dormant while continuing 
to perform immune surveillance.

In terms of medical economics, the use of a sensitive 
method that is relatively inexpensive and easy to implement 
is more desirable than the conventional follow-up strategy 
of repeated monitoring by expensive imaging studies. 
Although it is important to detect MRD as early as 
possible after surgery, it is also important to capture post-
operative MRD quantitatively. Thus, postoperative adjuvant 
chemotherapy for the purpose of total cell killing to prevent 

MRD after surgery may become unnecessary. 
Ultimately, two important clinical questions need to 

be clarified when defining MRD. The first question is: 
to what degree can MRD be completely cured by drug 
therapy alone? Based on the clinical observations made 
thus far, when the lesion is of a size that can be detected on 
radiographic imaging, it is widely taken as a fact that drug 
therapy alone will be unable to cure the disease. Thus, the 
level at which medical treatment can cure residual disease is 
defined as a certain value of some high-sensitivity index that 
shows the presence of lesions such as ctDNA when imaging 
studies show no viable lesions. The second question is: 
in what situation would local radical treatment lead to 
a complete cure in cases of postoperative recurrence? 
The answer to this question will be based on the size and 
number of lesions and the organ in which the lesion exists, a 
condition in which a high-sensitivity index can indicate the 
presence of the lesion does not exceed a certain numerical 
value. These clinical questions are the motivation for the 
setting the definition of MRD, which will be formed via 
worldwide consensus over time.

In the present study, if the imaging evaluation period 
had been set to once every 2 months in this protocol, for 
the sole purpose of more precisely analyzing the temporal 
HR, the shape of the HR curve might have been different. 
In other words, it is important to for the timing of imaging 
evaluations to be set appropriately and to ensure that there 
is no difference in the timing of evaluation between groups. 
It is therefore necessary to verify whether the increase in 
the hazard ratio for recurrence in the gefitinib group that 
was observed at 21 and 30 months after surgery reflects any 
biological factors, or whether it is simply a numerical value 
that changes significantly with changes in the timing of follow-
up imaging evaluations. In this study, although the method 
for generating the temporal hazard plot was remarkable, the 
evaluation had to be carefully performed, as these results can 
change depending on the imaging timing of evaluation.

The results of the analysis will reflect features more 
accurately when complete data have been gathered after a 
sufficient follow-up period.
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