
Zhou et al. 
European Journal of Medical Research          (2024) 29:401  
https://doi.org/10.1186/s40001-024-02001-4

RESEARCH

Evaluation of the prognosis in patients 
with small‑cell lung cancer treated 
by chemotherapy using tumor shrinkage 
rate‑based radiomics
Yuchen Zhou1†, Zhonghan Wu2,3†, Haowen Wang4†, Ke Zhang2, Hua Chen2, Siyu Zhu2, 
Andriamifahimanjaka Sitrakiniaina2, Yanting Wu5, Shaopeng Yang3, Xiaobo Sun6, Wenfeng Li7, 
Xiaoming Lin1* and Jingjing Jin2* 

Abstract 

Background  Small-cell lung cancer (SCLC) is a leading cause of cancer-related death. However, the prognostic value 
of the tumor shrinkage rate (TSR) after chemotherapy for SCLC is still unknown.

Methods  We performed a retrospective analysis of 235 patients with SCLC. The TSR cutoff was determined based 
on receiver-operating characteristic curve analysis. The associations of TSR with progression-free survival (PFS) 
and overall survival (OS) were assessed using univariate and multivariate Cox proportional hazards models. Survival 
curves were obtained by the Kaplan–Meier method and compared using the log-rank test. Recurrence patterns 
after first-line treatment were summarized in a pie chart. A nomogram was constructed to validate the predictive role 
of the TSR in SCLC.

Results  The TSR cutoff was identified to be  − 6.6%. Median PFS and OS were longer in the group with a TSR < –6.6% 
than in the group with a TSR ≥ − 6.6%. PFS and OS were also longer in patients with extensive SCLC when the TSR 
was < − 6.6% than when it was > − 6.6%. Brain metastasis-free survival was better in the group with a TSR < − 6.6%. 
There was a significant positive correlation between TSR and PFS. Furthermore, univariate and multivariate regression 
analyses showed that the TSR, patient age, and previous radiotherapy were independent prognostic factors for OS 
while TSR and M stage were independent prognostic factors for PFS.

Conclusions  The TSR may prove to be a good indicator of OS and PFS in patients receiving chemotherapy-based 
first-line treatment for SCLC.
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Background
Lung cancer is the second most common type of cancer 
and one of the leading causes of cancer-related mortal-
ity worldwide, with an annual death toll of 1.8 million [1, 
2]. Histologically, about 15–20% of cases are small-cell 
lung cancer (SCLC) [3]. SCLC is a highly aggressive pri-
mary tumor and one of the most lethal human cancers, 
causing about 250,000 deaths each year [4]. According to 
the Veterans Administration Lung Cancer Study Group, 
SCLC can be classified as limited-disease small-cell lung 
cancer (LD-SCLC) or extensive-disease small-cell lung 
cancer (ED-SCLC). Approximately 70% of cases of SCLC 
are ED-SCLC at the time of diagnosis, with a median sur-
vival time of 7–12 months. Furthermore, the 5-year over-
all survival (OS) rate has been reported to be less than 2% 
for patients with ED-SCLC [4] and 12–17% for those with 
LD-SCLC, with a median survival of 18–23 months [5].

Tumor size is a key indicator of the effectiveness of 
therapy. Reduction in tumor size and the sum of the 
longest diameter (SLD) are the main targets of cytotoxic 
anticancer drugs and are considered prerequisites for 
clinical benefit from chemotherapy [6]. Hence, decreas-
ing tumor size and the SLD of all target lesions are listed 
among the essential criteria for assessing the effective-
ness of therapy in the Response Evaluation Criteria in 
Solid Tumors (RECIST) guidelines developed by the 
World Health Organization. Based on RECIST, the objec-
tive response rate (ORR) is proposed as the standard for 
assessing the response of solid tumors to anticancer ther-
apy. However, the ORR has limitations in terms of assess-
ing changes in dynamic tumor burden. In the first-line 
trials carried out in colorectal cancer (CRC), Tange et al. 
[7] and Buyse et al. [8] found that the ORR could not be 
validated as an accurate surrogate of OS. When used to 
assess the clinical outcomes of anticancer therapy, the 
World Health Organization and RECIST guidelines for 
calculating the ORR have low efficiency [9, 10]. Further-
more, there are no reports of a correlation of increased 
ORR with improved progression-free survival (PFS) or 
OS [11]. Therefore, new parameters with improved pre-
cision for reflecting the efficacy of anticancer treatment 
are needed. Novel response parameters, including early 
tumor shrinkage (ETS) [12–17] and tumor shrinkage rate 
(TSR) [10, 18, 19], have recently been investigated in the 
treatment of some cancers. Both the ETS and TSR reflect 
the percentage change in tumor size at a defined time 
point in relation to baseline. ETS has been reported to 
be associated with survival time in some patients treated 
with anticancer regimens [12–20]. However, some 
patients have not shown ETS, which has hindered its fur-
ther use [21]. Recently, increased a TSR was observed to 
correlate significantly with post-progression survival and 
OS in patients with CRC in large Phase III trials [22, 23]. 

Almansour et  al. identified a reduction in tumor size of 
at least 10% after treatment to be one of the indicators of 
improved OS in patients with advanced malignant mela-
noma [24], and He et al. reported that tumor shrinkage 
of more than 8.32% could predict the long-term outcome 
in patients with non-small-cell lung cancer (NSCLC) 
receiving targeted therapies [25]. These findings suggest 
that indicators representing the percentage change in 
tumor size, such as the TSR, may be good parameters for 
reflecting the efficacy of anticancer regimens. Therefore, 
we hypothesized that the TSR may be a useful parameter 
for predicting survival in patients with SCLC receiving 
chemotherapy.

The purpose of this study was to investigate the clini-
cal value of the TSR in prediction of the long-term out-
come of chemotherapy in patients with SCLC. We also 
sought to use the TSR as a surrogate marker and identify 
the optimal cutoff value that dichotomizes patients with 
SCLC in the hope of designing more individualized treat-
ment plans.

Methods
Clinical data and eligibility criteria
The study was supported by the First Affiliated Hospital 
of Wenzhou Medical University (Wenzhou, China). A 
total of 688 patients identified in the hospital’s electronic 
medical records system to have been diagnosed with 
SCLC between January 1, 2006 and December 31, 2016 
were initially enrolled in the study.

All patients were required to meet the following cri-
teria: a pathologically confirmed diagnosis; an Eastern 
Cooperative Oncology group (ECOG) score of 0–3; sys-
temic treatment received before enrollment; imaging 
assessment within 2 weeks before treatment and after at 
least two cycles of systemic therapy for up to 4 months; 
lesions evaluable on two images; and a diagnosis of 
locally advanced SCLC or advanced unresectable SCLC.

The following exclusion criteria were applied: patho-
logical findings suggesting a mixed cancer, such as small-
cell mixed squamous cell carcinoma; missing prognostic 
data; no history of treatment for SCLC; a history of sur-
gery; and lesions not assessable by imaging. Finally, 235 
patients with SCLC were included in the study. The study 
was approved by our institutional ethics committee (per-
mit number: 2018140). All procedures were performed in 
accordance with the ethical standards of the institutional 
and/or national research committee and with the Decla-
ration of Helsinki. Informed consent was obtained from 
all study participants.

Study design
The TSR was calculated for each patient using the follow-
ing formula:
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TSR = (tumor burden after treatment – tumor bur-
den before treatment)/(evaluation time after treatment 
– evaluation time before treatment) × 100%. Accord-
ing to the receiver-operating characteristic (ROC) curve 
analysis, the TSR value with the highest sensitivity and 
specificity was –6.6%. Therefore, this value was used as 
the cutoff. The eligible patients were divided into a TSR 
< –6.6% (responder) group (n = 119) and a TSR ≥ –6.6% 
(non-responder) group (n = 116) (Fig.  2). Except for 
response to initial chemotherapy and history of radio-
therapy, there was no significant between-group differ-
ence in baseline characteristics (Table 1).

Assessment of tumor load
According to RECIST version 1.1, the sum of the maxi-
mum diameter of the target lesion was assessed at the 
same level on the medical images before and after treat-
ment. For patients who had multiple organ metastases 
or multiple mediastinal lymph node metastases (LNM), 
the three largest lesions were measured to determine the 
sum of their diameters. Any metastatic lesion present in 
the image before treatment without the measuring after 
treatment would not be assessed after treatment (Fig. 1).

Staging
TNM staging was performed according to the 8th edition 
of the International Association for Lung Cancer staging 
system. According to the Veterans Administration Lung 
Cancer Study Group classification, the enrolled patients 
were divided into an LD-SCLC group and an ED-SCLC 
group. The ED-SCLC group included patients with 
lesions involving more than 50% of the chest, those with 
malignant pleural or pericardial effusion, and those with 
a tumor too large to be covered by the radiation field. The 
LD-SCLC group included patients with lesions that were 
limited to one side of the chest only, those with or with-
out ipsilateral hilar LNM, those with ipsilateral medi-
astinal LNM, and those with ipsilateral supraclavicular 
LNM. A small pleural effusion and a mild superior vena 
cava compression were allowed.

ECOG score
The ECOG scoring system is as follows: 0, fully active, 
able to perform all pre-disease activities without restric-
tion; 1, restricted in physically strenuous activity but 
ambulatory and able to perform work of a light or seden-
tary nature (e.g., light housework, office work); 2, ambu-
latory and capable of self-care but unable to carry out any 
work activities or up and about more than 50% of waking 
hours; 3, capable of only limited self-care or confined to 
bed or chair for more than 50% of waking hours; 4, com-
pletely disabled, incapable of self-care, totally confined to 
bed or chair; or 5, deceased.

Treatment options
The cisplatin + etoposide regimen was administered in 
77% of patients, the carboplatin + etoposide regimen in 
14%, the irinotecan + cisplatin regimen in 3%, the irinote-
can + carboplatin regimen in 1%, and other regimens, 
including paclitaxel + cisplatin, paclitaxel + carboplatin, 
or oral etoposide + radiotherapy, in 5%. Radiotherapy 

Table 1  Patient characteristics

BMI: body mass index; CNS: central nervous system; CR: complete response; 
ECOG: Eastern Cooperative Oncology Group; ED: extensive disease; LD: limited 
disease; PD: progressive disease; PR: partial response; TSR: tumor shrinkage rate; 
SD: stable disease

Characteristic TSR < − 6.6% TSR ≥ − 6.6% P value

No. (%) No. (%)

(n = 119) (n = 116)

Age, years 64 (27–82) 63 (31–85) 0.149

 ≥ 70 27 (23%) 36 (31%)

 < 70 92 (77%) 80 (69%)

Sex 0.318

 Male 104 (87%) 96 (83%)

 Female 15 (13%) 20 (17%)

ECOG score 0.228

 0–1 111 (93%) 103 (89%)

 ≥ 2 8 (7%) 13 (11%)

Smoking status 0.910

 ≥ 20 pack/year 89 (75%) 84 (72%)

 < 20 pack/year 27 (23%) 31 (27%)

 Missing 3 (2%) 1 (1%)

CNS metastasis at baseline 12 (10%) 8 (7%) 0.381

Body mass index (BMI) 0.891

 ≥ 24 37 (31%) 37 (32%)

 18.5–23.9 69 (58%) 65 (56%)

 < 18.5 9 (8%) 9 (8%)

 Missing 4 (3%) 5 (4%)

Stage at initial diagnosis 0.858

 ED 65 (55%) 63 (54%)

 LD 54 (45%) 54 (46%)

Response to initial chemo-
therapy

< 0.001*

 CR 8 (7%) 0 (0)

 PR 106 (89%) 68 (59)

 SD 4 (3%) 25 (21)

 PD 1 (1%) 23 (20)

Regimen of initial chemo-
therapy

0.193

 Cisplatin plus etoposide 95 (80%) 86 (74%)

 Carboplatin plus etoposide 16 (13%) 17 (15%)

 Cisplatin plus irinotecan 3 (3%) 4 (3%)

 Other* 5 (4%) 9 (8%)

Patients with prior radio-
therapy

62 (52%) 42 (36%) 0.014*
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fields included the lung, mediastinum, spinal cord, and 
brain.

Follow‑up procedures
Follow-up information about therapeutic efficacy and 
the prognosis was collected through to October 31, 
2017 by telephone interviews and according to the hos-
pital’s electronic medical records system. The primary 

outcomes were PFS and OS. The secondary outcome 
was brain metastasis-free survival (BFS). In brief, OS 
was defined as the interval between the date of diagno-
sis and either the date of death or the date of the last 
follow-up. PFS was calculated as the interval between 
the date of diagnosis and the date of disease progres-
sion, and BFS as the interval between the date of diag-
nosis and detection of brain metastasis. Patients who 
were censored at the last follow-up date or who had 

Fig. 1  CT imaging findings in representative patients with LD-SCLC and ED-SCLC before and after treatment. ED-SCLC: extensive-disease small-cell 
lung cancer; LD-SCLC: limited-disease small-cell lung cancer
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died without evidence of brain metastasis were cen-
sored for incidence of brain metastasis [26].

Nomogram
The predictive model based on traditional diagnostic 
factors and the TSR was constructed based on univari-
ate and multivariate Cox regression analyses. To con-
struct a scoring system able to evaluate OS of < 6, < 12, 
and < 18  months and PFS of < 3, < 6, and < 12  months in 
patients with SCLC, we established a nomogram based 
on age, tumor burden, radiotherapy, and shrinkage rate 
and a nomogram based on M stage and shrinkage rate 
using the “regplot” package. A calibration curve was also 
established to compare the probabilities of nomogram-
predicted and observed outcomes. The clinical value of 
the nomograms was evaluated by decision curve analysis.

Statistical analysis
Kaplan–Meier survival curves were constructed for 
PFS, OS, and BFS and compared between groups using 
the log-rank test. The 3-month, 6-month, 12-month, 
and 18-month survival rates were evaluated using ROC 
curves, and the area under the curve (AUC) was calcu-
lated to evaluate the diagnostic efficacy of the model. A 
Cox proportional hazards model was used for univari-
ate and multivariate analyses of age, sex, smoking status, 
treatment regimen, TNM stage, history of radiother-
apy, body mass index, ECOG score, and tumor burden. 

Categorical variables were compared between groups 
using the Chi-squared test, and continuous variables 
were compared using the independent-samples t test and 
Wilcoxon test. All statistical analyses were performed 
using R software (version 4.1.1 R; Foundation for Statis-
tical Computing, Vienna, Austria). A P value < 0.05 was 
considered statistically significant.

Results
Patient characteristics
The clinical data for the 688 patients diagnosed to have 
SCLC during the study period were collected retro-
spectively. According to the enrollment and preliminary 
exclusion criteria, 260 patients with data sufficient to 
determine TSR were included, 25 of whom were excluded 
because their history of surgery and assessment had 
exceeded 4  months. Finally, data for 235 patients were 
included. Based on ROC curve analysis, the TSR cutoff 
was set as − 6.6%. Accordingly, the 235 patients were 
assigned to a responder group (TSR < − 6.6%, n = 119) or 
a non-responder group (TSR ≥ − 6.6%, n = 116) (Fig. 2).

The baseline characteristics of the two groups are 
described in Table 1. There were no significant between-
group differences in baseline characteristics, except for 
initial response to treatment and history of radiotherapy. 
Most of the enrolled patients were younger than 70 years 
and 85% were men. Approximately 91% of the patients 
had an ECOG score of 0–1. Most patients were heavy 

Fig. 2  Flowchart showing the patient selection process. R, ratio; SCLC, small-cell lung cancer; SR: shrinkage rate; TSR: tumor shrinkage rate
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smokers, and 54% had ED-SCLC. For most of the eligible 
patients (77%), the first-line treatment was based mainly 
on the cisplatin + etoposide regimen, with a minority 
receiving a cisplatin + etoposide or irinotecan + cisplatin 
regimen. There was a significant between-group differ-
ence in the initial response to treatment (P < 0.001).

PFS and OS
According to their disease stage, the 235 patients were 
divided into an ED-SCLC group and an LD-SCLC group 
for survival analysis (Supplementary Fig. 1A, B). Median 
OS was 15.80 months in both groups. PFS was approxi-
mately 1 month longer in the LD-SCLC group than in the 
ED-SCLC group (7.67 months vs. 6.87 months, P = 0.01) 
(Supplementary Fig. 1B).

Kaplan–Meier survival curve analysis showed that 
the median OS was 7.7 months longer in the responder 
group than in the non-responder group (20.00  months 
vs. 12.33 months; hazard ratio [HR] 0.55, 95% confidence 
interval [CI) 0.38–0.78, P < 0.0001) (Fig.  3A), as was 
median PFS (8.57 months vs. 5.07 months, HR 0.47, 95% 
CI 0.35–0.63, P < 0.0001) (Fig.  3B), indicating that the 
prognosis of the enrolled patients was predicted more 
accurately by our research method than by the traditional 
method.

Kaplan–Meier analysis was also used to examine differ-
ences in survival between responders and non-respond-
ers in the LD-SCLC group and the ED-SCLC group. In 
the LD-SCLC group, the OS curves for the responder and 
non-responder groups intersected, with a median OS of 

Fig. 3  Kaplan–Meier curves showing A OS and B PFS in the group with a TSR of < − 6.6% and the group with a TSR of ≥ − 6.6%. C Kaplan–Meier 
curves showing C OS and D PFS in patients with ED-SCLC in the group with a TSR of < − 6.6% and the group with a TSR of ≥ − 6.6%. D Kaplan–Meier 
curves showing PFS in patients with ED-SCLC in the group with a TSR of < − 6.6% and the group with a TSR of ≥ − 6.6%. E Time-dependent ROC 
curves for OS and the TSR in patients with SCLC. F Time-dependent ROC curves for PFS and the TSR in patients with SCLC. G Time-dependent ROC 
curves for OS and TSR in patients with ED-SCLC. H Time-dependent ROC curves for PFS and the TSR in patients with ED-SCLC. Kaplan–Meier curves 
for I OS and J PFS in patients with ED-SCLC in groups with a TSR of ≤ − 9%, a TSR of − 9% to − 4%, and a TSR of > − 4%. Kaplan–Meier curves for K OS 
and L PFS in patients with ED-SCLC in groups with a TSR of ≤ − 10%, a TSR of − 10% to − 6.6%, a TSR of − 6.6% to − 4%, and a TSR of > − 4%. ED-SCLC: 
extensive-disease small-cell lung cancer; OS: overall survival; PFS: progression-free survival; ROC:receiver-operating characteristic; SCLC: small-cell 
lung cancer; TSR: tumor shrinkage rate
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16.03  months and 16.14  months, respectively (P = 0.17) 
(Supplementary Fig. 1C); however, there was a significant 
difference in PFS between the two groups (8.3  months 
vs. 6.2  months, P = 0.04) (Supplementary Fig.  1D), sug-
gesting that our research method was more effective for 
prediction of PFS than for OS in patients with LD-SCLC. 
In the ED-SCLC group, median OS was approximately 
13  months longer in the responder group than in the 
non-responder group (23.33  months vs. 10.20  months, 
P < 0.0001) (Fig. 3C). Median PFS was 8.57 months in the 
responder group and 3.90 months in the non-responder 
group (hazard ratio 0.28, 95% CI 0.17–0.44, P < 0.0001) 
(Fig. 3D).

To evaluate the prognostic value of our method, 
we then calculated the AUC for OS of < 6, < 12 
and < 18  months and PFS of < 3, < 6 and < 12  months 
using ROC curves. For OS, the 12-month and 18-month 
AUCs were significantly lower than the 6-month AUC in 
patients with SCLC and in those with LD-SCLC (0.717 
and 0.679 vs 0.895, Fig. 3E; 0.581 and 0.580 vs 0.915, Sup-
plementary Fig. 1E). There was no obvious difference in 
the AUC for OS at 6, 12, or 18 months in patients with 
ED-SCLC (Fig.  3G). For PFS, the AUCs for all patients 
with SCLC and those with LD-SCLC decreased gradu-
ally between 3 and 12  months (0.927 vs 0.831 vs 0.679, 
Fig. 3F; 0.941 vs 0.753 vs 0.592, Supplementary Fig. 1F). 
In contrast, there were little difference in the AUCs 
between 3 and 12  months in patients with ED-SCLC 
(Fig.  3H). Overall, the ROC curves confirmed that our 
research method was well able to estimate the probabili-
ties of OS and PFS, especially comparatively short sur-
vival and when applied to patients with ED-SCLC.

The above findings established the value of the TSR 
in patients with ED-SCLC and indicated that for these 
patients, stratification using − 6.6% as the TSR cut-
off could better predict the prognosis than dividing 
patients into LD-SCLC and ED-SCLC groups. A smaller 
TSR value was associated with a better prognosis. Next, 
the patients with ED-SCLC were sub-grouped further 
according to various TSR values. Taking TSRs of − 9% 
and − 4% as the cutoffs, the patients were divided into 
three groups. The three survival curves were well sepa-
rated for these patients. Median OS was 32.7  months 
for patients with a TSR of ≤ − 9%, 13.9 months for those 
with a TRS of 9% to − 4%, and 8 months for those with 
a TSR > − 4% (Fig.  3I); median PFS was 8.7, 6.6, and 
3.2 months, respectively (Fig. 3J). Next, taking TSR val-
ues of − 10%, − 6.6%, and − 4% as the cutoffs, the patients 
with ED-SCLC were divided into four groups for survival 
analysis. Median OS was 32.7 months for a TSR ≤ − 10%, 
15.9 months for a TSR of 10% to − 6.6%, 11.1 months for 
a TSR of − 6.6% to − 4%, and 8 months for a TSR > − 4%. 
The four OS curves were significantly different (Fig. 3K). 

In contrast, there was no significant difference in median 
PFS among the four groups, the value being 8.8 months 
for a TSR of ≤ − 10%, 8.6  months for a TSR of − 10% 
to − 6.6%, 5.1  months for a TSR of − 6.6% to − 4%, and 
3.2  months or a TSR of > − 4%. This finding suggested 
that for PFS, there was no need to divide the patients 
with TSR values < − 6.6% into groups (Fig. 3L).

We then investigated the patients who had SCLC with-
out brain metastasis. Fifty-nine of the 235 study partici-
pants did not have brain metastasis at diagnosis based 
on computed tomography and magnetic resonance 
scans but developed brain metastasis during treatment. 
The 59 patients were divided into LD-SCLC and ED-
SCLC groups. However, as shown in Fig. 4A, the curves 
intersected, so we were unable to use this classification 
method to predict the prognosis of patients with SCLC 
and brain metastasis. Next, we used our nomogram 
method to analyze the relationship between the various 
TSRs and the prognosis of these patients. According to 
the survival analysis, the median BFS was 9.50  months 
in the responder group and 5.97  months in the non-
responder group (P = 0.022) (Fig.  4B). We also grouped 
patients with LD-SCLC or ED-SCLC and brain metas-
tasis by various TSR values and found that the survival 
curves of the two groups intersected (Fig. 4C, D). Median 
BFS in patients with LD-SCLC and brain metastasis was 
9.67  months in the responder group and 8.63  months 
in the non-responder group, and was 8.79  months and 
5.45 months, respectively, in patients with ED-SCLC and 
brain metastasis.

Using TSR values of − 9% and − 4% as the cutoffs, we 
then divided the patients with ED-SCLC and brain metas-
tasis into three groups. Median BFS was 8.67 months for 
a TSR of ≤ − 9%, 8.6 months for a TSR of − 9% to − 4%, 
and 4.2 months for a TSR of > − 4%. As shown in Fig. 4E, 
the curves for the TSR ≤ − 4% and TSR > − 4% groups 
were clearly separated. However, when we divided the 
same patients into four groups, as shown in Fig. 4F, there 
was a difference in median BFS between the TSR ≤ − 4% 
and TSR > − 4% groups. Therefore, for patients with ED-
SCLC and brain metastasis, stratification using a TSR 
cutoff of − 4% could better predict the prognosis than 
stratification using a TSR cutoff of − 6.6%.

Recurrence patterns
The recurrence pattern after failure of the first-line treat-
ment of SCLC was mainly relapse of the primary lesion 
(31%), followed by brain metastasis (17%), lung or pleu-
ral metastasis (7%), bone metastasis (7%), liver metastasis 
(7%), mediastinal or cervical LNM (6%), adrenal metas-
tasis (4%), intra-abdominal LNM (1%), pancreatic and 
intestinal metastasis (2%), and unknown (18%) (Fig. 5).
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Fig. 4  A Kaplan–Meier curves for BFS in patients with LD-SCLC and ED-SCLC. B Kaplan–Meier curves for BFS in patients with SCLC in a group 
with a TSR of < − 6.6% and a group with a TSR of ≥ − 6.6%. C Kaplan–Meier curves for BFS in patients with LD-SCLC in a group with a TSR of < − 6.6% 
and a group with a TSR of ≥ − 6.6%. D Kaplan–Meier curves for BFS in patients with ED-SCLC in a group with a TSR of < –6.6% and a group with a TSR 
of ≥ − 6.6%. E Kaplan–Meier curves for BFS in patients with ED-SCLC in a group with a TSR of ≤ − 9%, a group with a TSR of − 9% to − 4% and a TSR 
of > − 4%. F Kaplan–Meier curves for BFS in patients with ED-SCLC in a group with a TSR of < − 10%, a group with a TSR of − 10% to − 6.6%, a group 
with a TSR of − 6.6% to − 4%, and a group with a TSR of > − 4%. BFS, brain metastasis-free survival; ED-SCLC: extensive-disease small-cell lung cancer; 
LD-SCLC: limited-disease small-cell lung cancer; SCLC: small-cell lung cancer; TSR: tumor shrinkage rate

Fig. 5  Disease recurrence patterns
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Analysis of survival risk factors
Using the univariate and multivariate Cox proportional 
hazards models, we analyzed the associations of PFS and 
OS with the patients’ clinical characteristics, including 
age, sex, smoking status, body mass index, ECOG score, 
TNM stage, treatment regimen, history of radiotherapy, 
and tumor burden. The univariate Cox proportional haz-
ards model showed a correlation of smoking ≥ 20 packs/
year with PFS, with an increase in risk of 44% (HR 1.44, 
95% CI 1.03–2.02, P = 0.035), and a correlation of M1 
stage with PFS, with an increase in risk of 46% (HR 1.46, 
95% CI 1.09–1.95, P = 0.01). Furthermore, age older than 
70 years was an indicator of poor OS, with an increase in 
risk of 58% (HR 1.58, 95% CI 1.10–2.29, P = 0.015). Previ-
ous radiotherapy was an indicator of favorable OS, with 
a decrease in risk of 33% (HR 0.67, 95% CI 0.47–0.96, 
P = 0.03). No other patient factor had a significant cor-
relation with PFS or OS (Table 2). The multivariate Cox 
proportional hazards model revealed that M stage had an 
impact on PFS, while age, prior radiotherapy, and tumor 
burden had an impact on OS (Table 3).

Construction of nomograms and evaluation of their 
performance
Based on previous work, we constructed a nomogram 
combining age, radiotherapy, tumor burden, and the TSR 
that was able to predict OS of > 6  months, > 12  months 
and > 18  months (Fig.  6A) and a nomogram com-
bining M stage and TSR that was able to predict 
PFS > 3  months, > 6  months, and > 12  months (Fig.  6B). 
We evaluated the predictive performance of the nomo-
gram using a calibration curve, which showed good 
agreement between the predicted probability of the 
nomogram and the actual probability (Fig. 6C, E). Next, 
decision curve analysis was used to explore the clinical 
utilization of the nomograms. Figure  6D, F shows the 
results of the decision curve analysis for the two models 
(nomogram model and shrinkage rate) when applied to 
OS and PFS. In comparison with the shrinkage rate, the 
nomogram model had higher net benefit in prediction of 
which patients should receive more aggressive treatment. 
This finding suggested that the nomogram combining 
traditional diagnostic factors and the shrinkage rate has 
better predictive power than the shrinkage rate alone.

Discussion
Chemotherapy is beneficial for patients with advanced 
SCLC. However, there are controversies regarding the 
optimal method for evaluation of this benefit. To the 
best of our knowledge, this study is the first to report 
an association between the TSR and the clinical out-
comes in patients with SCLC receiving chemotherapy. 

In this study, we first calculated the optimal TSR cutoff 
using ROC curve analysis. Next, we analyzed the cor-
relations of various clinical indicators with PFS and OS. 
Based on the ROC curve analysis, we set -6.6% as the 
tumor shrinkage threshold and used this cutoff value to 

Table 2  Results of univariate analysis of PFS and OS

BMI: body mass index; CI: confidence interval; ECOG: Eastern Cooperative 
Oncology Group; EP: cisplatin + etoposide; HR: hazard ratio; IC: 
irinotecan + cisplatin; IP: irinotecan + carboplatin; OS: overall survival; PFS: 
progression-free survival; TSR: tumor shrinkage rate

Covariate PFS, years OS, years

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

Age, years

 ≥ 70 1.03 (0.74–1.44) 0.844 1.58 (1.10–2.29) 0.015*

 < 70 1 (Ref ) 1 (Ref )

Sex

 Male 1.30 (0.85–1.98) 0.224 1.06 (0.64–1.74) 0.826

 Female 1 (Ref ) 1 (Ref )

Smoking status

 ≥ 20 pack/
year

1.44 (1.03–2.02) 0.035* 1.36 (0.90–2.07) 0.145

 < 20 pack/
year

1 (Ref ) 1 (Ref )

BMI

 ≥ 24 0.96 (0.70–1.31) 0.793 0.71 (0.48–1.04) 0.075

 < 18.5 0.91 (0.51–1.60) 0.747 0.93 (0.45–1.93) 0.848

 18.5–23.9 1 (Ref ) 1 (Ref )

ECOG score

 ≥ 2 0.82 (0.49–1.37) 0.445 1.05 (0.59–1.88) 0.860

 0–1 1 (Ref ) 1 (Ref )

T

 T3–4 1.04 (0.78–1.38) 0.802 1.01 (0.71–1.44) 0.941

 T1–2 1 (Ref ) 1 (Ref )

N

 N1–3 1.53 (0.85–2.76) 0.161 1.27 (0.65–2.51) 0.484

 N0 1 (Ref ) 1 (Ref )

M

 M1 1.46 (1.09–1.95) 0.010* 1.31 (0.92–1.86) 0.128

 M0 1 (Ref ) 1 (Ref )

First-line CT

 EP/EC 0.80 (0.35–1.82) 0.597 0.43 (0.16–1.17) 0.163

 IP/IC 0.82 (0.27–2.44) 0.717 0.34 (0.08–1.54)

Others 1 (Ref ) 1 (Ref )

Prior radio-
therapy

 Yes 0.75 (0.57–1.01) 0.054 0.67 (0.47–0.96) 0.030*

 No 1 (Ref ) 1 (Ref )

Tumor burden

 > 8 cm 0.98 (0.94–1.02) 0.233 0.98 (0.93–1.02) 0.308

 ≤ 8 cm 1 (Ref ) 1 (Ref )

TSR

 ≥ − 6.6% 1.10 (1.06–1.13) 1.25E−08* 1.11 (1.07–1.15) 1.14E−07*

 < − 6.6% 1 (Ref ) 1 (Ref )
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identify responders and non-responders to chemother-
apy. We found that the median PFS and OS in respond-
ers were 8.57  months and 20.00  months, respectively, 
both of which were significantly longer than the 
5.07 months and 12.33 months in non-responders (both 

P < 0.0001). Cox regression and Kaplan–Meier curve 
analyses showed that tumor shrinkage of 6.6% was an 
independent prognostic factor for PFS and OS (both 
P < 0.0001). Further analyses of PFS and OS in patients 
with ED-SCLC and those with LD-SCLC showed that a 
TSR of ≥ 6.6% was a valid prognostic factor for PFS and 
OS (both P < 0.0001) in the ED-SCLC group but not in 
the LD-SCLC group.

There are considerable differences in baseline charac-
teristics between patients with LD-SCLC and those with 
ED-SCLC, including tumor burden and performance sta-
tus. Given the advanced nature of ED-SCLC, OS is poor; 
however, both PFS and OS could potentially be improved 
if patients with ED-SCLC are responsive to chemother-
apy. However, patients with LD-SCLC have an earlier 
tumor stage, lower tumor burden, a higher ECOG score, 
and slower disease progression, so have a more favora-
ble prognosis. Therefore, the impact of tumor regres-
sion in patients with LD-SCLC may not be as obvious as 
in those with ED-SCLC. Moreover, the lack of consist-
ency between the TSR and OS outcome in patients with 
LD-SCLC may be attributed to a relationship similar to 
that observed between the ORR and OS. The potential 
adverse reactions associated with agents that improve 
the TSR may also affect OS in patients with LD-SCLC. 
Furthermore, this was a single-center study, and its con-
clusions may be insufficient to fully explain why the TSR 
performs poorly in evaluation of OS in patients with 
LD-SCLC.

In patients with brain metastasis, the BFS curve for 
the group with a TSR < 6.6% intersected with that for 
the group with a TSR ≥ 6.6%, indicating relatively weak 
prognostic efficacy. We then validated our nomogram 
for prediction of PFS and OS of > 6 months, > 12 months, 
and > 18  months. These findings suggest that tumor 
shrinkage by 6.6% is a valid evaluation marker for 
patients with SCLC, those with ED-SCLC, and those who 
are free of brain metastasis.

The TSR cutoff was a key factor in analysis of sur-
vival. Thiam et al. reported that a TSR of 10% was a reli-
able predictor of the clinical outcome in patients with 
metastatic renal cell carcinoma who received vascular 
endothelial growth factor-targeted therapies [27]. Fur-
thermore, a recent meta-analysis of patients with CRC 
showed that a 20% reduction in SLD in responders was 
associated with improved OS and PFS (P < 0.001) in 
comparison with non-responders [6]. He et  al. reported 
a threshold of 8.23% tumor shrinkage based on the SLD 
according to ROC curve analysis [25]. In our study, ROC 
curve analysis indicated that the TSR cutoff that yielded 
the highest sensitivity and specificity was 6.6%, which 
is similar to the 8.23% reported by He et  al. Therefore, 
we considered a TSR cutoff of 6.6% to be acceptable for 

Table 3  Results of multivariate analysis of PFS and OS

CI: confidence interval; ECOG: Eastern Cooperative Oncology Group; HR: hazard 
ratio; OS: overall survival; PFS: progression-free survival; TSR: tumor shrinkage 
rate

Covariate PFS, years OS, years

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

Age, years

 ≥ 70 1.01 (0.72–
1.41)

0.974 1.75 
(1.21–2.57)

0.003*

 < 70 1 (Ref ) 1 (Ref )

Sex

 Male 1.322 
(0.73–2.40)

0.358 1.63 
(0.78–3.40)

0.193

 Female 1 (Ref ) 1 (Ref )

Smoking status

 ≥ 20 pack/
year

1.42 (0.89–
2.26)

0.144 1.45 
(0.78–2.67)

0.240

 < 20 pack/
year

1 (Ref ) 1 (Ref )

ECOG

 ≥ 2 1.23 (0.98–
2.13)

0.061 1.33 
(0.69–2.56)

0.401

 0–1 1 (Ref ) 1 (Ref )

T

 T3–4 1.09 (0.81–
1.47)

0.574 1.11 
(0.76–1.61)

0.594

 T1–2 1 (Ref ) 1 (Ref )

N

 N1–3 1.71 (0.93–
3.15)

0.086 1.47 
(0.75–2.88)

0.267

 N0 1 (Ref ) 1 (Ref )

M

 M1 1.73 (1.27–
2.34)

0.0005* 1.42 
(0.99–2.04)

0.060

 M0 1 (Ref ) 1 (Ref )

Prior radio-
therapy

 Yes 0.77 (0.57–
1.05)

0.093 0.69 
(0.48–0.99)

0.046*

 No 1 (Ref ) 1 (Ref )

Tumor burden

 > 8 cm 1.04 (1.00–
1.09)

0.054 1.09 
(1.03–1.15)

0.002*

 ≤ 8 cm 1 (Ref ) 1 (Ref )

TSR

 ≥ − 6.6% 1.13 (1.09–
1.17)

1.24E−12* 1.14 
(1.09–1.18)

2.87E−10*

 < − 6.6% 1 (Ref ) 1 (Ref )
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identification of responders and non-responders to our 
therapeutic regimen.

Tumor burden is important in clinical assessment of 
anticancer therapies. However, the role of the TSR in 
prognostic assessment is unknown. Birchard et  al. [28] 
and Grothey et al. [11] showed that tumor shrinkage did 
not correlate with survival in patients with NSCLC or in 
patients with CRC. However, other studies have found 
that the TSR is correlated with the prognosis [29, 30]. 
Wang et al. assessed the TSR after topotecan plus bispe-
cific 6 phosphatase mononucleotide peptide therapy in 
patients with lung cancer receiving radiotherapy, and 
found that the prognosis in a group with a TSR > 34% was 
better than that in a group with a TSR < 34% [29]. Nou-
garet et al. also found that PFS was significantly better in 
patients with low rectal cancer and a TSR > 70% than in 
their counterparts with a TSR < 70% after chemotherapy 
or radiotherapy (P < 0.001) [30]. In another study, the TSR 
was found to have a predictive role in patients with pan-
creatic cancer receiving chemotherapy [31]. The authors 
reported that TSR was weakly but significantly associated 

with OS. Similarly, another recent study in patients with 
NSCLC receiving gefitinib demonstrated that the TSR 
was positively correlated with PFS and an independent 
prognostic factor for PFS and also had prognostic value 
in terms of PFS and OS in patients with NSCLC receiving 
epidermal growth factor receptor–tyrosine kinase inhibi-
tor (EGFR–TKI) therapy [32]. Consistent with these 
findings, we believe that TSR might also be useful as an 
additional predictor of OS and PFS. Overall, our results 
and those of previous studies suggest that the TSR may 
be useful as a prognostic tool in patients with malignant 
tumors, including lung cancer.

There are several reasons for the discrepancies in the 
results between these studies. First, the pharmacological 
aim of most anticancer agents is to inhibit cell prolifera-
tion, mediate arrest of tumor cell growth, and shrink the 
tumor [33]. However, some anticancer agents only pro-
long arrest of tumor growth and slow proliferation of 
cancer cells [34], leading to a limited TSR after anticancer 
treatment. Therefore, different studies with different anti-
cancer agents may not produce the same TSR or survival 

Fig. 6  A Nomogram to determine the probability of OS for > 6 months, > 12 months, and > 18 months. B A nomogram to determine the probability 
of PFS for > 6 months, > 12 months, and > 18 months. B Value of each risk factor can be converted into a corresponding score according 
to the “points”. After adding up the individual risk scores for these risk factors, draw a line descending from the axis labeled “Total points” until it 
intercepts each clinical predictive score for SCLC. C Calibration curves for the OS nomogram at 6, 12, and 18 months. E Calibration curves for the PFS 
nomogram at 3, 6, and 12 months. Results of DCA for two models (the nomogram model and shrinkage rate) applied to OS (D) and PFS (F), 
respectively. The DCA curves measure the net benefit (y-axis) versus the model’s high risk threshold (x-axis) for the different models. DCA: decision 
curve analysis; OS: overall survival; PFS: progression-free survival; SCLC: small-cell lung cancer
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outcomes. Second, acquisition of further genetic changes 
is another important reason for development of resist-
ance to anticancer therapeutics [35–37]. Takeda et al. [38] 
showed that EGFR–TKI-treated patients with NSCLC 
who had an EGFR-positive mutation eventually devel-
oped resistance to TKIs by acquiring additional genetic 
changes. Third, intratumoral heterogeneity of clones 
may lead to different survival outcomes and TSRs. The 
TSR may be associated with intratumoral heterogeneity 
of clones sensitive to treatment [32]. If the percentage of 
tumor cells sensitive to anticancer treatment is high, the 
TSR will be high after treatment. Therefore, differences 
in the percentage of sensitive tumor cells and treatment 
regimens will lead to differences in the TSR and survival. 
Michor et al. [39] demonstrated that reduction of tumor 
size upon treatment with an EGFR–TKI depends on the 
fractions of cells responsive to these agents.

This study had several limitations. First, it had a retro-
spective design, and the sample size was relatively small. 
Prospective investigations in larger cohorts are needed 
to confirm the reproducibility of our findings. Second, 
all TSR data were based solely on morphological features 
measured by anatomical imaging. Although we were able 
to show the value of TSR, other molecularly targeted 
drugs (e.g., bevacizumab) might lead to slowing of tumor 
growth or changes in tumor density rather than tumor 
shrinkage and be unlikely to show a prognostic role of 
TSR in clinical settings [40, 41]. For such drugs, a nega-
tive relationship between the TSR and PFS or OS might 
be observed. Third, the value of the TSR was assessed 
at a single center, so multicenter cooperation for TSR is 
required. Fourth, although we found that the TSR could 
be used as a predictor of survival outcomes in patients 
with SCLC who received chemotherapy, the molecular 
mechanism remains to be clarified in further studies. As 
mentioned above, intratumoral heterogeneity, acquisition 
of additional genetic changes, differences in the mecha-
nisms of action of anticancer drugs, and recurrence can 
lead to minor or slow tumor shrinkage and different TSR 
values, including no change in tumor diameter. Under 
these conditions, TSR might not be related to survival 
nor act as a prognostic marker of PFS or OS. The optimal 
TSR cutoff should be investigated further, as should the 
impact of the TSR when combined with other prognostic 
indicators.

Conclusions
The results of this study indicate that the TSR can be used 
as an independent predictor of the survival outcome in 
patients with SCLC treated with chemotherapy, especially 
those with ED-SCLC and those who have SCLC with-
out brain metastasis. This research may also contribute to 

refinement of the prognostic criteria and even develop-
ment of novel targeted therapeutic evaluation criteria.
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