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Background: Chemotherapy with targeted therapy is a promising therapeutic option for advanced non-
small cell lung cancer (NSCLC) patients. Response Evaluation Criteria in Solid Tumors (RECIST) criteria 
were used in tumor response evaluation. We assumed an optimal threshold for this therapeutic setting and 
tried to seek a new tumor shrinkage cutoff with the data from five clinical trials in one institution.
Methods: The X-tile program was used to identify the optimal cut-off value of tumor shrinkage. PFS and 
OS were compared in the current study. Kaplan-Meier method was used to describe PFS and OS. 95% CI 
was calculated for PFS and OS outcomes to assess the treatment efficacy. A P value of less than 0.05 was 
considered statistically significant. SPSS 23.0 was used for all statistical analysis. 
Results: X-tile analysis yielded −10% in the ∆SLD of the target lesions as the optimal threshold for 
response/non-response. The 10% tumor shrinkage could discriminate responders from non-responders 
in PFS (10.1 vs. 2.50 months, P=0.0007) and OS (23.00 vs. 7.66 months, P<0.0001). Univariate and 
multivariable analysis showed that 10% tumor shrinkage was a valid prognostic factor for PFS (P=0.018) and 
OS outcome (P<0.0001).
Conclusions: A 10.0% tumor shrinkage in the SLD indicated an indicative efficacy evaluation threshold 
for NSCLC patients treated with chemotherapy plus targeted agents.
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Introduction

Lung cancer is by far the leading cause of cancer death 
worldwide, of which around 80–85% patients are 
classified as non-small cell lung cancer (NSCLC) (1-4). 
Approximately 30–40% of NSCLC patients are diagnosed 
locally advanced or metastatic at their initial diagnosis. 
Systemic chemotherapy is now recommended to be the 
main therapeutic method for these patient population (5).  
However, the standard chemotherapy regimens of 
platinum-based double-agent has come to its therapeutic 
platform, with an overall survival (OS) of 8 months, 
progression-free survival (PFS) of 3.7 months and 1-year 
survival rate at 33% (6). Chemotherapy has traditionally 
played such a role in the treatment of advanced NSCLC (7),  
however, as the booming development of molecular 
targeted drugs in recent years, various novel small 
molecule inhibitors and monoclonal antibody came out 
with astonishing therapeutic efficacy and low toxicity. 
For instance, the IPASS study in 2009 was the first time 
a targeted monotherapy has demonstrated significantly 
longer PFS than doublet chemotherapy (8). Followed 
by multiple clinical trial design on various targeted new 
drug into the exploration of new therapeutic pattern. 
The combined strategies were described as a promising 
therapeutic pattern of NSCLC, which was hopeful in 
improving survival benefit (9). The combinational therapy 
of chemotherapeutic agents with targeted agents, including 
angiogenesis inhibitors, epidermal growth factor receptor-
tyrosine kinase inhibitors (EGFR-TKIs) and tumor cell 
apoptosis inducers etc., has been studied as a new therapy 
option for NSCLC. ECOG4599, a phase III randomized 
controlled study has confirmed the efficacy and safety of 
bevacizumab plus paclitaxel and carboplatin in patients with 
recurrent or advanced NSCLC, with 2 months superior 
to the control group in OS (10). Followed by Zhou in 
BEYOND study revealed that bevacizumab cooperated well 
with carboplatin and paclitaxel in Chinese patients with 
advanced non-squamous NSCLC and led to a clinically 
meaningful treatment benefit (11). Besides, INTACT–
II study confirmed the safety of Gefitinib plus paclitaxel 
and carboplatin in chemotherapy-naive patients with 
advanced NSCLC (12). Improvement in PFS was uniformly 
observed in a phase II clinical trial where the combination 
of chemotherapy plus erlotinib was treated for advanced 
NSCLC patients as first-line treatment, which was further 
confirmed by the FASTACT-II study (13,14). In addition, 

preliminary results of the latest phase III study, designed to 
compare the efficacy and tolerability of single gefitinib with 
the combination of gefitinib and chemotherapy (pemetrexed 
plus carboplatin) in advanced NSCLC patients harboring 
EGFR mutation, demonstrated the superiority of the 
combined treatment with regard to survival prognosis (15).  
This novel combinational therapeutic pattern has offered 
a brand-new option for the management of advanced 
NSCLC. Response Evaluation Criteria in Solid Tumors 
(RECIST) has been extensively applied in not only 
treatment decisions in individual patient care but also in 
clinical trials response evaluation to assess the efficacy of 
new drugs during the process of drug development and 
regulatory approvals. The treatment effect was usually 
stratified by RECIST into complete response (CR), partial 
response (PR), stable disease (SD) and progressive disease 
(PD), where PR was defined as at least a 30% decrease in 
the sum of longest diameters of target lesions (16).  

The RECIST criteria provide standardized, objective 
measurements of solid tumor response to anti-cancer 
therapy, however, it’s known that the RECIST criteria 
were generated based on masses of data from cytotoxic 
chemotherapy clinical trials and its limitation for assessing 
therapy with molecularly targeted agents have been 
increasingly recognized. A follow-up validation study in 
metastatic renal cell carcinoma also showed that 10% tumor 
shrinkage is a reliable early predictor of survival outcome 
for patients receiving VEGFR-targeted therapies (17). And 
a recent meta-analysis also showed that colorectal cancer 
patients with 20% reduction in the sum of the longest 
diameter (SLD) of target lesions were likely to have a 
better OS and PFS when compared with non-responders 
patients who were less than 20% reduction in the SLD (18). 
In clinical practice, we found that those NSCLC patients 
treated with targeted agents who achieved a less than 30% 
tumor shrinkage also seem to be in good response and 
finally predicted survival benefit from the treatment, which 
was not always corresponding with the RECIST criteria 
(19-21). Therefore, we assume there is an optimal threshold 
for this combinational therapeutic method setting which 
may be more clinically meaningful than standard RECIST 
criteria. And by applying to X-tile analysis, we seek to 
detect a more appropriate shrinkage threshold of therapy 
response with the data available from five clinical trials in 
one institution, which can better distinguish responders 
from non-responders in NSCLC patients receiving 
combinational chemotherapy plus targeted therapy.  
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Methods

Patients

Patients with stage IIIB or IV NSCLC were enrolled in 5 
clinical trials (FASTACT-I, FASTACT-II, 12621, 12006 
and SAiL study) from Sun Yat-sen University Cancer 
Center (13,14,22-24). Patients who received targeted 
therapy (Erlotinib, Sorafenib and Bevacizumab) combining 
with chemotherapy as first-line treatment in Sun Yat-
Sen University Cancer Center from September, 2006 to 
August, 2011, were retrospectively analyzed. The criteria 
for eligibility were listed as follows: (I) histologically or 
cytologically-confirmed stage IIIB or IV NSCLC; (II) 
an age of at least 18 years; (III) an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0 or 1; (VI) 
having at least one measurable target lesion; (V) possessing 
adequate hematologic, hepatic, and renal function; (VI) 
having a life expectancy of at least 3 months. Patients who 
had received systemic treatment, including target therapy, 
chemotherapy or radiotherapy within 4 weeks of study were 
excluded; patients with brain metastases were ineligible for 
the studies. All patients signed informed consent forms. 
These studies were all approved by the Ethics Committee of 
Sun Yat-Sen University Cancer Center (YB2015-080). The 
process was conducted in accordance with the Declaration 
of Helsinki and good clinical practice.

Of the 96 patients enrolled, 4 patients in the 12006 study 
and 2 patients in the SAiL study even had not completed 
a cycle treatment, and 1 patient dropped out after 1 cycle 
treatment due to AE in the 12621 study. A total of 39 
patients from the control group (chemotherapy alone 
or chemotherapy with placebo) were all excluded in this 
study since we focus on the patient population treated with 
combinational chemotherapy plus targeted therapy. A sum 
of 59 patients was eventually evaluated, with 25 females and 
34 males. The median age was 53 years (range, 25–78 years).  
The clinical characteristics of the enrolled patients in 
these 5 clinical trials were summarized in Table S1. Clinical 
outcome data were collected by review of medical records 
and case report forms, including date of progression 
(progression as determined by RECIST) and date of death.

Treatment regimens

In the 12621 study, patients received 175 mg/m2 of paclitaxel/
carboplatin (TC) at a dose calculated to produce an AUC (area 
under the concentration–time curve) of 5 mg/mL·min on  
day 1, and Sorafenib/placebo 400 mg twice a day on day 1–21. 

The cycle was repeated every 3 weeks. 
In the 12006 study, patients treated with gemcitabine, at a 

dose of 1,250 mg/m2 administered on day 1 and 8, 75 mg/m2  
of cisplatin administered on day 1 (GP), and Sorafenib/
placebo 400 mg twice per day, for a cycle of 3 weeks. In 
both studies patients continued to receive Sorafenib or 
placebo until progression or unacceptable toxicity or death 
after 3 cycles of treatment. 

In the FASTACT-I/II study, patients were administered 
6 cycles of gemcitabine at a dose of 1,250 mg/m2 on days 1  
and 8, followed by cisplatin at a dose of 75 mg/m2 or 
carboplatin 5× AUC on day 1 (GP), and with intercalated 
Erlotinib/placebo 150 mg/day on day 15–28 every 4 weeks. 
In the same way, patients continued to receive Erlotinib or 
placebo until progression or unacceptable toxicity or death, 
and all patients in the placebo group were offered second-
line Erlotinib at the time of progression.

In SAiL study, patients were all treated with paclitaxel at 
a dose of 175 mg/m2 and carboplatin at a dose calculated to 
produce an AUC of 5 mg/mL·min on day 1 (TC), together 
with Bevacizumab 15 mg/kg every 3 weeks in this open-
label, single-arm phase IV study.

We analyzed all the 59 evaluable patients in these 5 
trials. Among the 16 patients from 12621 study, 11 received 
GP plus Sorafenib, while others received GP plus placebo. 
Of the 31 patients from 12006 study, 16 were treated with 
GP plus Sorafenib, with the remaining received GP plus 
placebo. Among the 9 patients from FASTACT-I study, 5 
received GP/GC plus Erlotinib, and 5 received GP/GC 
plus placebo. And the 13 patients from FASTACT-II study: 
7 of them received GP/GC plus Erlotinib, and the other 
6 received GP/GC plus placebo. The rest of 20 patients 
were from SAiL study, which were all treated with TC plus 
Bevacizumab.

Follow-up

The 59 patients received CT scan every 6 or 8 weeks until 
disease progression or death according to the protocols of 
these 5 clinical trials. The detailed information of these five 
clinical trials was listed in Table S1 as follows.

Tumor response evaluation

The target lesion was assessed with computed tomography 
(CT) or magnetic resonance imaging (MRI) at baseline 
before the treatment, RECIST 1.0 evaluation of therapeutic 
effect was based on tumor assessment with follow-up, 
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including chest and upper-abdominal CT scan every 2 cycles 
of treatment or every 6 weeks until disease progression 
or death. Besides, the method of assessment was exactly 
the same as that in the corresponding clinical trials, and 
the imaging evaluation was performed by an independent 
radiologic review committee. Patients were classified into 
PR and PD, was recorded at CT follow-up, based on ≥30% 
decrease in SLD for PR and ≥20% increase in SLD for PD, 
SD was defined as neither sufficient shrinkage to qualify 
for PR nor sufficient increase to qualify for PD, taking 
as reference the smallest sum diameters while on study, 
according to RECIST 1.0. In this current study, whereas 
RECIST response was studied according to RECIST both 
1.0 and 1.1, the RECIST categorizations are thought to 
be comparable, since the definitions of PR, PD, and SD 
remain unchanged. 

Selection of cutoff value

X-tile program was applied to determine the optimal 
value of tumor shrinkage based on PFS and OS outcome 
according to Camp et al. (25).  

Analysis of alternate response thresholds

For each tested threshold of −10%, chemotherapy plus 
targeted agents-treated patients with ∆SLDs larger than this 
threshold was defined as responders and those with ∆SLDs 
smaller than this threshold was defined as potential non-
responders. The median PFS and OS for each subgroup 
was estimated using Kaplan-Meier estimates and the ratio 
of median PFS and OS for responders versus potential non-
responders was calculated. If the 95% confidence interval 
(CI) of the ratio of median PFS and OS did not include 1, 
the PFS and OS of the two subgroups was considered to be 
different. 

Statistics analysis

We compared the difference of patients’ survival by means 
of PFS and OS. PFS was calculated from the date of 
randomization to disease progression (local or metastatic) 
or death for any reason. OS was defined as the time elapsed 
from the date of randomization to the time of death for 
any cause. Kaplan-Meier method was used to describe PFS 
and OS. The survival distribution difference in the two 
groups was evaluated using the log-rank test. 95% CI was 
calculated for PFS and OS outcomes to assess the treatment 

efficacy. Univariate analyses and multivariate analyses 
were performed using Cox proportional hazard models in 
an exploratory fashion to explore any effect between the 
decrease in SLD and survival outcomes. A P value of less 
than 0.05 was considered statistically significant. Statistical 
Package for Social Sciences (SPSS) 23.0 software was used 
for all statistical analysis (IBM, Armonk, NY, USA). 

Results

Patients

This retrospective analysis included 59 patients. The median 
follow-up time was 24.739 months. Baseline characteristics 
of all the patients were reported in Table 1. The median 
age was 53 years (range, 25–78 years). Of these 59 patients, 
25 patients (42.4%) were female. Among these enrolled 
patients, 30 (50.8%) were non-smokers. All 59 patients 
were evaluated by RECIST and 10.0% tumor shrinkage 
thresholds respectively. According to RECIST criteria, 
the objective response rate (ORR) (CR + PR) was 62.7% 
(Table 1). According to 10.0% tumor shrinkage thresholds, 
50 (84.7%) patients were considered responders whom 
achieved more than 10.0% tumor shrinkage, whereas 9 
(15.3%) patients achieved less than 10.0% tumor shrinkage 
were deemed as non-responders. Patients’ characteristics 
according to the new cutoff analyzed subgroups are shown 
in Table S2 and the waterfall plot (Figure 1) showed the 
changes in the sum of long axis diameter (SLD) of target 
lesions in percentage from baseline to best overall response’ 
follow-up evaluation.

Threshold evaluation by X-tile program 

X-tile program was applied to demonstrated the optimal 
cut-off value for tumor shrinkage thresholds based on PFS 
was −10% (χ2=15.8031, P=0.0026) and the optimal cut-
off value for tumor shrinkage thresholds based on OS was 
also −10% (χ2=11.3351, P=0.0207) (Figure 2). The whole 
patients were divided into two groups in accord with the 
cutoff value: responders, the SLD of target lesions decrease 
by more than 10% and non-responders, the SLD of target 
lesions decrease by less than 10%.

Kaplan-Meier estimates in PFS and OS according to 
RECIST criteria and −10% in ∆SLD threshold

The median PFS time was 8.805 (95% CI, 5.785 to 11.825) 



Annals of Translational Medicine, Vol 7, No 12 June 2019 Page 5 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(12):253 | http://dx.doi.org/10.21037/atm.2019.04.65

months. With new-cutoff of 10.0%, Kaplan-Meier survival 
analysis and log-rank test revealed that 10.0% tumor 
shrinkage in SLD can distinctly discriminated responder 
patients from non-responder patients (responders vs. non-
responders, median PFS, 10.1 vs. 2.50 months, P=0.0007, 
Figure 3A). When referring to RECIST, the PFS for CR 
+ PR patients was statistically significant when compared 
with SD + PD patients (CR + PR vs. SD + PD, median PFS, 
10.55 vs. 6.18 months, P=0.064, Figure 3B). 

The median OS time was 22.669 (95% CI, 15.885 

to 29.453) months. According to Kaplan-Meier survival 
analysis and log-rank test, notably the results demonstrated 
10.0% decrease in SLD significantly predictive of OS 
(responders vs. non-responders, median OS, 23.00 vs.  
7.66 months, P<0.0001, Figure 3C). However, when 
referring to RECIST, the OS for CR + PR patients were 
not significantly different from SD + PD patients (CR + PR 
vs. SD + PD, median OS, 23.00 vs. 15.97 months, P=0.0795, 
Figure 3D). 

Univariate and multivariable cox regression analyses 

The results of the univariate and multivariable analysis 
of the correlation between clinical characteristics and 
prognosis of the 59 patients are listed as follows. 

For PFS, an obvious statistically significance was also 
observed in 10.0% tumor shrinkage in SLD for non-
responders versus responders [HR 1.000 (ref.) vs. 0.156; 
95% CI, 0.039–0.618, P=0.002] in univariate analysis. In 
multivariate analysis, the results further confirmed 10.0% 
tumor shrinkage in SLD a valid prognostic factors for PFS 
[HR 1.000 (ref.) vs. 0.280; 95% CI, 0.128–0.616, P=0.018] 
(Table 2).

For OS, according to univariate analysis, age (P=0.014) 
and 10.0% tumor shrinkage in SLD (P=0.004) were 
independent prognostic factors. Multivariate analyses also 
proved age [HR 1.00 (ref.) vs. 3.071; 95% CI, 1.200–7.861, 
P=0.019] and 10.0% tumor shrinkage in SLD for non-
responders versus responders [HR 1.00 (ref.) vs. 0.199; 
95% CI, 0.083–0.476, P<0.0001] as valid prognostic 
factors (Table 2).

Discussion 

We retrospectively analyzed the data of advanced NSCLC 
patients receiving combinational chemotherapy with 
targeted agents from five clinical trials and reevaluated the 
correlation between therapeutic efficacy and survival benefit 
with the RECIST response criteria and newly identified 
cutoff value in ∆SLD. We use X-tile analysis and Kaplan-
Meier method to explore the optimal threshold change 
in SLD in the whole follow-up of clinical trial for tumor 
response assessment. In our study of 59 patients, we found 
that a 10% decrease in SLD in target lesion was predictive 
of survival in PFS and OS outcomes and might be a new 
cutoff for therapeutic response evaluation based on the data 
available from the former clinical trials.

We first used X-tile method to analyze optimal threshold 

Table 1 Characteristics of all patients

Characteristics Cases (n=59) (%)

Age (years)

Median (range) 53 [25–78]

<65 48 (81.4)

≥65 11 (18.6)

Gender

Male 34 (57.6)

Female 25 (42.4)

Smoking status

Non-smokers 30 (50.8)

Smokers 29 (49.2)

Pathology

Adenocarcinoma 51 (86.4)

Non-adenocarcinoma 8 (13.6)

Disease stage

IIIB 10 (16.9)

IV 49 (83.1)

ECOG 

0 15 (25.4)

1 44 (74.6)

Best RICIST response

CR 0 (0)

PR 37 (62.7)

SD 17 (28.8)

PD 5 (8.5)

ECOG, Eastern Cooperative Oncology Group; CR, complete 
response; PR, partial response; SD, stable disease; PD, 
progressive disease.
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Figure 2 Determination of cutoff values of tumor shrinkage thresholds on the basis of PFS(A) and OS (B) prediction. X-tile plots of both 
PFS and OS analysis are shown in the left panels. The optimal cut-off thresholds pointed by the black circles in left panels are exhibited in 
histograms of the entire group (middle panels), and Kaplan-Meier plots are shown in right panels. (A) The optimal cut-off value for tumor 
shrinkage thresholds based on PFS was −10% (χ2=15.8031, P=0.0026); (B) the optimal cut-off value for tumor shrinkage thresholds based on 
OS was −10% (χ2=11.3351, P=0.0207). 
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for response or non-response group in our study, similar to 
Camp et al. (25). As a result, we finally identified the −10% 
threshold with the maximal sensitivity and specificity, which 
seemed to best differentiate patients with prolonged survival 
from those who would not. In our current study, a number 
of 59 eligible patients were finally enrolled and analyzed, 
with 25 females and 34 males. The median OS was  
22.669 months (95% CI, 15.885 to 29.453) and median 
PFS was 8.805 months (95% CI, 5.785 to 11.825) for all 
the patient population. According to the RECIST criteria, 
the ORR (CR + PR) was 62.7%, compared with the 84.7% 
were deemed as responder patients when using −10% in 
∆SLD threshold.

The correlation between tumor shrinkage and clinical 

outcome in PFS and OS was analyzed respectively. The 
result shows that in both PFS and OS outcome, with the 
−10% in ∆SLD threshold that we tested, the population 
were separated into two distinct subgroups in PFS 
(responders vs. non-responders, median PFS, 10.1 vs.  
2.50 months, P=0.0007) and OS (responders vs. non-
responders, median PFS, 23.00 vs. 7.66 months, P<0.0001) 
when using the Kaplan-Meier method. Oppositely, 
RECIST criteria could not separate the CR + PR group 
from SD + PD group in PFS (CR + PR vs. SD + PD, 
median PFS, 10.55 vs. 6.18 months, P=0.064) and OS (CR 
+ PR vs. SD + PD, median OS, 23.00 vs. 15.97 months, 
P=0.0795). Furthermore, univariate and multivariable Cox 
regression analyses were taken to determine the correlation 

Figure 3 Progression-free survival (PFS) and overall survival (OS) stratified by RECIST and 10%optimal shrinkage thresholds. (A) PFS 
was statistically significant between   who achieved 10% decrease in size and non-responders who did not (10.1 vs. 2.50, P=0.0007); (B) PFS 
was statistically different between RECIST responders (CR + PR) and non-responders (SD + PD) (10.55 vs. 6.18, P=0.064); (C) PFS was 
statistically significant between responders who achieved 10% decrease in size and non-responders who did not (23.00 vs. 7.66, P<0.0001); 
(D) OS was not significantly different between RECIST responders (CR + PR) and non-responders (SD + PD) (23.00 vs. 15.97, P=0.0795). 
RECIST, Response Evaluation Criteria in Solid Tumors.
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Table 2 Prognostic univariate and multivariable Cox regression analyses in PFS and OS

Characteristics

PFS OS

Univariate analyses Multivariate analyses Univariate analyses Multivariate analyses

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Gender

Male 1.000 (ref.) 1.000 (ref.)

Female 0.579  
(0.203–1.650)

0.307 0.304  
(0.084–1.097)

0.069

Age (years)

<65 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)

≥65 1.442  
(0.606–3.432)

0.409 3.933  
(1.320–11.714)

0.014 3.071  
(1.200–7.861)

0.019

Disease stage

IIIB 1.000 (ref.) 1.000 (ref.)

IV 2.551  
(0.721–9.032)

0.146 4.654  
(0.967–22.393)

0.055

Histology

Non-adenocarcinoma 1.000 (ref.) 1.000 (ref.)

Adenocarcinoma 1.306  
(0.465–3.663)

0.612 0.625  
(0.203–1.923)

0.413

ECOG 

0 1.000 (ref.) 1.000 (ref.)

1 1.469  
(0.655–3.294)

0.350 1.431  
(0.532–3.851)

0.532

Smoking status

Non-smokers 1.000 (ref.) 1.000 (ref.)

Smokers 0.682  
(0.239–1.947)

0.474 0.862  
(0.251–2.960)

0.814

RECIST response

CR + PR 1.000 (ref.) 1.000 (ref.)

SD + PD 1.014  
(0.445–2.309)

0.973 1.250  
(0.381–4.094)

0.713

10% tumor shrinkage in 
SLD

Non-responders 1.000 (ref.) 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)

Responders 0.156  
(0.039–0.618)

0.002 0.280  
(0.128–0.616)

0.018 0.075  
(0.013–0.433)

0.004 0.199  
(0.083–0.476)

<0.0001

ECOG, Eastern Cooperative Oncology Group; PS, performance status; CR, complete response; PR, partial response; SD, stable disease; 
PD, progressive disease; SLD, sum of the longest diameter; Responder patients, ≥10% decreased in the SLD of the target lesions; Non-
responder patients, <10% decreased in the SLD of the target lesions; HR, hazard ratio; CI, confidence interval. 
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between survival outcome (PFS and OS) and clinical 
characteristics, revealing that 10.0% tumor shrinkage in 
SLD (P=0.018) was valid prognostic factors for PFS (Table 2)  
while age (P=0.019) and 10.0% tumor shrinkage in SLD 
(P<0.0001) were also found valid prognostic factors in OS 
(Table 2).

However, some limitations should be considered in this 
study. First, it is a retrospective study focusing on NSCLC 
patients receiving chemotherapy plus targeted agents; 
patients were pooled from five multicenter clinical trials 
from only one institution, which resulted in a small sample 
size of our study. Moreover, there are a limited number 
of the clinical trials on combinational chemotherapy with 
targeted therapy available for us to enroll more patients 
into this study. In addition, this study, on the basis of 
retrospective single center analysis, is lack of external 
validation. However, these patients were strictly enrolled 
according to inclusion and exclusion criteria and then 
received standard treatment with a long-term strict and 
regular follow-up visit. Besides, the imaging evaluations of 
these patients were carried out by a systematical radiologic 
review committee. Therefore, the results of the present 
study could still be informative. Second, there is an 
obstacle for treatment response assessment in solid tumors 
when using tumor thresholds. It is unavoidable, with any 
categorizing strategy including RECIST criteria, that two 
patients with close responses could be categorized into two 
separate groups (non-responders vs. responders) (26,27).

The RECIST criteria (16,28) are widely applied to 
evaluating the treatment response of solid tumors in various 
clinical trials and daily practice. A ’Partial Response’ is 
defined by a 30% reduction in the sum of the largest 
diameters (SLD) of the target lesions. However, this −30% 
threshold doesn’t seem to well adapt for the assessment 
of targeted therapies efficacy as well as the combinational 
therapies setting. It is known to us that the aim of target 
therapy is often to cause tumor necrosis and inhibit the 
growth of tumor, which is different from the killing-effect 
of cytotoxic drugs. Since RECIST criteria were summarized 
and established based on data from cytotoxic chemotherapy 
clinical trials, its limitation for assessing therapy with 
molecularly targeted agents have been increasingly 
emphasized. When considering this different therapeutic 
mechanism and influencing factors, it’s reasonable to 
deduce whether the traditional treatment effect evaluation 
RECIST criteria are still well adapted to this combinational 
therapeutic option in NSCLC patients. Early in 2010, 
Thiam has reported that 10% tumor shrinkage in SLD was 

predictive of PFS in a study of mRCC patients treated with 
sunitinib (29), which was further confirmed by a follow-
up validation study (17). And a recent meta-analysis on 
advanced colorectal cancer also indicated that patients 
treated with chemotherapy plus target-agents with an early 
tumor shrinkage (defined as a variation of −10% to −20% in 
the SLD of target lesions) were associated with a better OS 
and PFS when comparing with patients who were deemed 
non-responders (<20% reduction in the SLD) (18). Our 
former study also revealed that the 8.32% tumor diameter 
shrinkage threshold was predictive of survival in advanced 
NSCLC patients treated with single target therapeutic 
agent (20).

To our knowledge, drug research and development is a 
lengthy, expensive, and complex process, of which clinical 
trial is the longest and the most expensive stage of drug 
development. Molecularly targeted agents, instead of 
chemotherapy killing-effect and leading to tumor necrosis, 
often stop tumor from further proliferation and remain 
disease stable. Lots of targeted-treated patients only reach 
disease control with tumor shrinkage in smaller magnitudes, 
may therefore have low ORRs as defined by RECIST. And 
notably, parts of these patients lived a comfortable end of 
life and achieved a final survival benefit eventually with the 
help of the new targeted agents. However, millions of new 
drugs came to an untimely end at very early stage, especially 
the phase I or II study during the clinical trial. These studies 
often take the RECIST-guided ORR as a primary end point 
and resulted in countless abortion in new drug research 
and development. For advanced solid tumor patients, the 
quality of life near the end their life is extremely important. 
These new targeted agents are worthy to be exploited and 
applied in clinical practice, for its strong binding affinity, 
high stability and relative low toxicity. It highline again that 
whether the existing RECIST criteria can reflect the true 
efficacy of a new targeted agent. Our current study, patients 
enrolled were homogeneous and all the clinical data were 
objective and of high quality, ensuring the truthful statistical 
analysis. Although we found that −10% in ∆SLD might be 
a better threshold only for this chemotherapy plus target 
agents setting, we sincerely hoped that our study could 
provide some new thoughts for tumor response assessments.  

In our daily clinical practice, oncologists would have 
to take other parameters into account, such as clinical 
evaluation of symptoms and laboratory examination, when 
performing with thresholds to guide their therapeutic 
decisions. With the aid of the −10% in ∆SLD new cutoff, 
treatment efficacy can be demonstrated earlier and modified 
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therapeutic decisions are likely to be carried out timely 
to stop futile treatment or avoid missing a promising new 
drug. As newer therapeutic agents become available in 
various clinical settings, it was required to further modify 
the existing tumor size-based response RECIST criteria and 
update the practical guidelines to meet the needs of drug 
development and patient care in this era of novel therapies. 
However, whether −10% or other cutoffs would be optimal 
for treatment decisions in individual patient care remained 
uncertain and some more sufficiently powered, prospective 
clinical trials were required for testifying and replenishing 
the current results.

Conclusions

A 10% tumor shrinkage in the SLD indicated a new 
threshold for identifying NSCLC patients who are 
benefiting from chemotherapy plus targeted therapy. This 
−10% threshold was further tested and confirmed to be a 
promising predictor of PFS and OS in this combinational 
therapeutic setting with the univariate and multivariate Cox 
regression analysis. Further prospective studies are required 
to further confirm these findings and to qualify its potential 
for the therapeutic effect evaluation in advanced NSCLC 
patients.
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Table S2 Clinical manifestations according to 10% tumor diameter shrinkage 

Characteristics Non-responders, number of patients (%), N=9 Responders, number of patients (%), N=50 P value

Gender 0.818a

Male 6 (66.7) 28 (56.0)

Female 3 (33.3) 22 (44.0)

Age (years) 0.090a

<65 5 (55.6) 43 (86.0)

≥65 4 (44.4) 7 (14.0)

Disease stage 0.057a

IIIB 4 (44.4) 6 (12.0)

IV 5 (55.6) 44 (88.0)

Histology 0.176a

Non-adenocarcinoma 3 (33.3) 5 (10.0)

Adenocarcinoma 6 (66.7) 45 (90.0)

ECOG 1.000a

0 2 (22.2) 13 (26.0)

1 7 (77.8) 37 (74.0)

Smoking status 0.436a

Non-smokers 3 (33.3) 27 (54.0)

Smokers 6 (66.7) 23 (46.0)
a, continuity correction. ECOG, Eastern Cooperative Oncology Group; PS, performance status; Responder patients, ≥10% decreased in 
the sum of the longest diameter (SLD) of the target lesions; Non-responder patients, <10% decreased in the sum of the longest diameter 
(SLD) of the target lesions a Continuity Correction.

Supplementary 

Table S1 Summary of five clinical trials from on institution

Study Regimen N Cycle repetition CT scan RECIST version

FASTACT-I GP+ Erlotinib 5 Every 4 weeks 8 weeks 1.0

GP + placebo 4

FASTACT-II GP + Erlotinib 7 Every 4 weeks 8 weeks 1.0

GP + placebo 6

12006 GP + Sorafenib 16 Every 3 weeks 6 weeks 1.0

GP + placebo 15

12621 TC + Sorafenib 11 Every 3 weeks 6 weeks 1.0

TC + placebo 5

SAiL TC + Avastin 20 Every 3 weeks 6 weeks 1.0 

CT, computed tomography; RECIST, Response Evaluation Criteria In Solid Tumors; GP, gemcitabine plus cisplatin; TC, paclitaxel plus 
carboplatin.


