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Objective

To investigate the prognosis of patients with LS-SCLC who responded to chest chemoradiotherapy but did not receive PCI.





Methods

A retrospective analysis was conducted on LS-SCLC patients who had achieved complete remission (CR) or partial remission (PR) after definitive chemoradiotherapy but did not receive PCI. The survival rates were calculated using Kaplan–Meier method. The prognosis was analyzed using Cox proportional hazard regression model. The main endpoint was OS.





Results

Of the 500 patients with LS-SCLC admitted between June 2002 and January 2018, 327 achieved CR or PR after definitive chest chemoradiotherapy, 103 did not receive PCI, and 63 of them developed brain metastases (BM). The 1-year and 3-year OS rates in PCI group were 87.5% and 42.3% respectively, versus 70.4% and 20.9% for non-PCI group(P=0.002). The median survival time after BM was 8.7 months (range: 0.3-48.7), and 3-year OS rate was 15.0%, the median survival time of patients without BM was 20.1 months (range: 2.9-79.4), and 3-year OS was 33.4% (P=0.014). Patients with BM were subsequently treated with palliative therapy. Multivariate analysis showed that compared with no treatment, brain radiotherapy alone (HR: 0.131, 95%CI: 0.035-0.491, P=0.003) and radiotherapy combined with chemotherapy (HR: 0.039, 95%CI: 0.008-0.194, P<0.001) significantly reduced the risk of death. Multiple BM (HR: 2.391, 95%CI: 1.082-5.285, P=0.031) was an independent adverse prognostic factor for OS.





Conclusion

LS-SCLC patients who achieved good response after chest chemoradiotherapy without receiving PCI were prone to develop BM and have a poor prognosis. Multiple BM was an independent adverse prognostic factor. PCI remains the standard of care for LS-SCLC patients.
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Introduction

Small cell lung cancer (SCLC) accounts for about 15% of all lung cancers, and limited-stage (LS) patients account for about 30% of all SCLC (1, 2). The current standard treatment is chest radiotherapy combined with concurrent chemotherapy for most LS-SCLC patients (3). SCLC prone to develop brain metastasis (BM), and patients with BM have a poor prognosis. A meta-analysis showed that prophylactic cranial irradiation (PCI) significantly reduced the incidence of BM and increased 3 years OS for LS-SCLC patients who had achieved complete remission (CR) after thoracic chemoradiotherapy, compared with the control group (4). Based on this study, at present, PCI is recommended for LS-SCLC patients who achieve good response (5). However, PCI might potentially detriment neurocognitive function, especially in elder patients (6).

In clinical practice, some patients achieved CR or partial remission (PR) of tumor after chest chemoradiotherapy but refused to receive PCI with the fear of neurotoxicity and unfortunately developed BM. This study aimed to investigate the prognosis of these patients who did not receive PCI.





Patients and methods




Patient eligibility

Between June 2002 and January 2018, patients who were diagnosed as LS-SCLC, had achieved CR or PR after definitive chemoradiotherapy but did not receive PCI were included in this study. The following patients were excluded: diagnosed as mixed SCLC, received surgical treatment except pathological biopsy, have a history of other malignant tumors, patients who were lost to follow-up after treatment. Demographic variables, which were obtained from medical records on the electronic database of Zhejiang Cancer Hospital, included age, gender, Karnofsky Performance Status (KPS), and so on. All data access was approved by the Ethics Committee of Zhejiang Cancer Hospital (IRB-2022-758).





Treatment modalities

Chemotherapy consisted of etoposide 100mg/m2 d1-3, cisplatin 80mg/m2 d1 or 25mg/m2 d1-3, or carboplatin AUC=5 d1, repeated every 3 weeks for 4-6 cycles.

All patients received accelerated hyperfractionated radiotherapy consisted of 1.5 Gy twice daily in 30 fractions to 45 Gy, and the interval between fractions was ≥6 hours.

Patients received chest and abdominal enhanced CT and brain enhanced MRI 4-6 weeks after chest chemoradiotherapy, for those who had achieved CR or PR, PCI was recommended. The prescribed dose of PCI was 25Gy in 10 fractions.





Follow-up scheme

Patients were reviewed every 3 months in 2 years after chemoradiotherapy, every 6 months in 3 to 5 years, and then once every year after 5 years. Physical examination, enhanced CT of chest and upper abdomen were performed routinely. The frequency of brain MRI (first choice) or brain CT or positron emission computed tomography was at the discretion of the physician. Brain metastases were determined by brain MRI or CT imaging features. After treatment of BM, patients were reviewed every 2 months in the first year, then every 3 to 4 months in the second to third year, and every 6 months thereafter.





Survival and statistical analysis

In this study, OS was defined as the time from the end of chemoradiotherapy to death or last follow-up. Statistics and graphing were conducted using SPSS 25.0 and GraphPad Prism 8.0 software. The two-tailed t-test was used for continuous variables. Mann-Whitney U test was used to compare non-normally distributed data. Categorical variables were compared using the X2 test. The survival outcomes were calculated using the Kaplan–Meier method. The Cox proportional models were applied for univariate and multivariate prognostic analyses. Propensity score-matching (PSM) was performed using the R MatchIt package for Windows version. A two-tailed value of p < 0.05 denoted statistical significance.





PSM

The propensity score was calculated using multivariable logistic regression to model a dichotomous outcome of PCI or non-PCI. In an initial analysis, patients in the PCI and non-PCI groups were compared based on age, gender, KPS, AJCC Staging and curative effect. The subjects were 1:1 matched by the estimated propensity score with a caliper of 0.02 of the logit of the propensity score.






Results




Patient characteristics

From June 2002 to January 2018, 500 patients with LS-SCLC were admitted, of which 362 (72.4%) received definitive chest radiotherapy and chemotherapy. According to Response Evaluation Criteria In Solid Tumors (RECIST), 137 cases (37.8%) had achieved CR and 190 cases (52.5%) had achieved PR after chemoradiotherapy. Among the patients who achieved CR and PR, 103 cases (31.5%) did not receive PCI. 63 patients (61.2%) developed BM, of which, 19 patients (30.2%) had BM detected by brain MRI before PCI. By the last follow-up date (June 25, 2022), a total of 172 patients had follow-up data, of whom 98 had received PCI and 74 had not received PCI. The matching process resulted in a final cohort of 96 patients. Each cohort comprised 48 patients. The eligible patients in two groups were similar in terms of age (median: 64 vs. 62 years, respectively), gender, KPS (median: 90 vs. 90, respectively), AJCC stage, and curative effect (Table 1).


Table 1 | Characteristics of propensity score-matched patients.



In the 74 patients who did not receive PCI, 40 patients developed brain metastases. These BM patients had regular follow-up data after treatment were analyzed, as shown in Table 2. The median interval time between the discovery of BM and the initial treatment was 5.6 months (range: 2.9-26.6 months), and the median interval time between the discovery of BM and the completion of chemoradiotherapy was 1.6 months (range: 0.2-24.2 months). Among the 9 patients who received radiotherapy combined with chemotherapy, 5 patients received whole brain radiotherapy (WBRT), 3 patients received WBRT plus focal radiation boost, and 1 patient received X-knife. Among the 23 patients who received brain radiotherapy alone, 7 patients received WBRT, 9 patients received WBRT plus focal radiation boost, 1 patient received γ-knife therapy, and radiotherapy technique in 6 patients was unknown. Four patients received chemotherapy alone. Four patients did not receive any treatment.


Table 2 | Clinical characteristics of 40 patients with BM.







Survival

By the last follow-up (June 25, 2022), 30(62.5%) patients had died in PCI group, and 39(81.3%) patients had died in non-PCI group, respectively. All of which were related to disease progression. The median follow-up time was 18.4 months (range: 0.7-76.6). The 1-year and 3-year OS rates in PCI group were 87.5% and 42.3% respectively, versus 70.4% and 20.9% for non-PCI group(P=0.002), as shown in Figure 1A. The 1-year and 3-year BM-free rates in PCI group were 97.9% and 93.3% respectively, versus 64.4% and 46.4% for non-PCI group(P<0.001), as shown in Figure 1B.




Figure 1 | Kaplan-Meier curves following propensity score-matching for overall survival (A), brain metastasis free (B).



Before PSM, 40 patients with BM in non-PCI group, 38 patients had died, all of which were related to disease progression. However, 34 patients without BM in non-PCI group, 24 patients had died, all of which were related to disease progression. The median follow-up time of 40 patients with BM were 12.5 months (range: 0.7-53.1), and the median survival time was 12.5 months (range: 0.7-53.1). The median follow-up time of 34 patients without BM was 14.4 months (range: 0.8-61.4), and the survival time was 15.3 months (range: 0.8-61.4). The 1-year and 3-years OS rates in BM group were 60.0 and 15.0% respectively, versus 60.7% and 33.4% for non-BM group (P=0.014), as shown in Figure 2. The median survival time of BM patients with well controlled and out of controlled extracranial disease were 9.0 months (range: 0.3-48.7) and 6.7 months (range: 0.9-35.2).




Figure 2 | Overall survival of patients in non-PCI group before PSM.



For 74 patients in non-PCI group, univariate and multivariate analysis were used to determine the prognostic value of clinical risk factors affecting BM, as shown in Table 3. Patients whose age ≤61 years were more likely to develop BM than patients > 61 years of age(P=0.007). Patients whose KPS <90 were more likely to develop brain metastases than those whose KPS ≥90(P=0.005). For 40 patients with BM in non-PCI group who received palliative treatment, OS was defined as the time from the diagnosis of BM to death or last follow-up. The median survival time of patients who received radiotherapy combined with chemotherapy, radiotherapy alone, chemotherapy alone and no treatment were 19.7 months (range: 5.0-48.7), 10.4 months (range: 2.0-27.7), 7.0 months (range: 2.2-12.7) and 2.0 months (range: 0.3-6.7), respectively. Log-rank test indicated that patients who received radiotherapy alone or chemoradiotherapy both had significantly higher OS rates than untreated patients (chemoradiotherapy vs. untreated, P=0.005; Radiotherapy alone vs. untreated, P < 0.001). There was no significant difference in OS between patients who received chemotherapy alone and no treatment (P=0.085). Compared with monotherapy, combined therapy significantly improved OS (radiotherapy combined with chemotherapy vs. radiotherapy alone, P=0.022; Radiotherapy combined with chemotherapy vs. chemotherapy alone, P=0.025). There was no significant difference in OS between the two monotherapies (radiotherapy alone vs. chemotherapy alone, P=0.095), as shown in Figure 3.


Table 3 | univariate and multivariate analysis of clinical factors of 74 patients in non-PCI group for brain metastases.






Figure 3 | Overall survival based on different treatment groups after BM.



Variables such as age, gender, the interval time between BM and the initial treatment, whether multiple BM and the treatment modalities adopted after BM were included in the univariate Cox regression analysis. The results suggested that symptomatic BM, receiving brain radiotherapy alone and receiving radiotherapy combined with chemotherapy were significantly correlated with OS. Variables with P < 0.2 in univariate analysis were included in multivariate Cox regression analysis. The results showed that, compared with no treatment, patients received brain radiotherapy alone (HR: 0.131, 95%CI: 0.035-0.491, P=0.003), radiotherapy combined with chemotherapy (HR: 0.039, 95%CI: 0.008-0.194, P < 0.001) significantly reduced the risk of death. Multiple BM (HR: 2.391, 95%CI: (1.082-5.285), P=0.031) was an independent adverse prognostic factor for OS, as shown in Table 4.


Table 4 | univariate and multivariate analysis of clinical factors for overall survival.








Discussion

SCLC patients are inclined to develop BM. At the initial diagnosis of SCLC, 10-20% of patients had BM, and 50-80% of patients would develop BM in the later course of disease (7). Studies have shown that PCI significantly reduced the incidence of BM and played a positive role in prolonging OS (8, 9). About 70-90% of patients will achieve a good response after definitive chemoradiotherapy, and PCI should be considered at this time (10). However, in clinical practice, some patients did not receive PCI for various reasons. Benjamin et al. reported that 44.7% of eligible LS-SCLC patients did not receive PCI, and the most common reason was the fear of neurotoxic side effects (38%). Other reasons included doctors’ opinion that it was inappropriate (33%) and advanced age (8%) (11). In our study, the main reason why patients did not receive PCI was also the fear of side effects. Nevertheless, currently, hippocampal avoidance during WBRT plus memantine has been shown to significantly reduce patients’ cognitive dysfunction (12).

In our study, 19 patients (30.2%) found BM before PCI by brain MRI. Chu et al. found that BM could be detected in 21.8% (24/110) of patients who achieved CR after definitive chemoradiotherapy before PCI, and the risk of BM increased with the extension of the interval time between the initial chemotherapy and MRI examination (13). The study of Manapov et al. showed that 32.5% (13/40) of LS-SCLC patients found BM by brain MRI before PCI (14). Thus, for LS-SCLC patients who achieved good response after definitive chemoradiotherapy, PCI should be administered as soon as possible to avoid BM (4). But there is no prospective study on the optimal timing of PCI.

For patients with BM without PCI, WBRT is still the current standard treatment, and the recommended dose is 30Gy in 10 fractions or 40Gy in 20 fractions. There is no significant impact of the two schedules on patients’ OS (15). Stereotactic radiosurgery is also an optional treatment for patients with limited BM (16). The study of Rusthoven et al. showed that the median OS of BM patients who have received WBRT was 5.2 months and that of the patients who have received stereotactic radiosurgery was 6.5 months after propensity matching analysis (17). In our study, the median OS of BM patients received radiotherapy alone was 10.6 months, which may be attributed to the better physical status of the patients included (KPS≥80). The study of Seute et al. implied that for SCLC patients receiving systemic chemotherapy, the response rate of extracranial metastases was 73%, while that of BM lesions was 27% (P=0.006). This might be the reason that the destruction of BM lesions to the blood-brain barrier was not enough to allow the penetration of chemotherapy drugs (18). This might be the reason why there was no statistically significant difference in OS between patients who received chemotherapy alone and those who did not receive anti-cancer treatment in our study. So, could combinations of different treatments improve the prognosis of BM patients? In a retrospective study included 698 SCLC patients with BM, patients received WBRT combined with chemotherapy (n=273) had a significantly better prognosis than those received supportive care alone (n=118) (P < 0.001) (19). However, several randomized controlled trials showed that there was no significant difference in OS between chemotherapy combined with WBRT and WBRT alone (20, 21). Another retrospective study included 101 SCLC patients with BM who received brain radiotherapy followed by chemotherapy, chemotherapy followed by brain radiotherapy, brain radiotherapy alone or chemotherapy alone, respectively. The results showed that there was a statistically significant difference in survival time between the chemotherapy followed by radiotherapy group and the chemotherapy alone group (22). In our study, radiotherapy combined with chemotherapy achieved better efficacy and significantly reduced the risk of death compared with monotherapy (radiotherapy combined with chemotherapy vs. radiotherapy alone, P=0.022; radiotherapy combined with chemotherapy vs. chemotherapy alone, P=0.025).

This study showed that multiple BM was an independent adverse prognostic factor for OS. The study of Varlotto et al. evaluated 137 BM patients, 38 of whom had multiple BM, and the median survival time of single and multiple BM patients were 23 months and 15 months respectively (P=0.004) (23). Hall et al. included 51 patients who survived more than 2 years in their study, single BM was significantly correlated with better OS (P < 0.0001) (24). In addition, over 50% of patients with extracranial disease progression may also affect OS (25). But in our study, the status of extracranial disease control had no significant impact on OS, possibly because of the limited sample size.

In conclusion, this study indicated that patients with BM secondary to SCLC had poor prognosis. Even if these patients received active radiotherapy/chemotherapy or even combined therapy, the OS remained significantly worse than other patients without BM.

The limitations of this study lie in its retrospective nature and the relatively small sample size, which may introduce bias. In addition, in this study, the frequency of brain MRI examination was not specified in the follow-up stage after treatment, but decided by the attending doctor according to the patient’s condition, which may result in the late detection of BM and adversely affect the prognosis of patients.





Conclusion

LS-SCLC patients without PCI are very likely to develop BM and the prognosis would be dismal once BM was developed. Multiple BM is an adverse prognostic factor. Based on existing evidences, PCI is still a standard part of treatment for LS-SCLC patients with CR or PR after definitive chemoradiotherapy.
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Variables Classificatiol umber
Age (years) 65-75 6

55-64 25 625
<54 9 225
Gender Male 35 87.5
Female 5 125
KPS 290 22 55.0
<90 18 45.0
Loss weight <5% 29 72.5
5-10% 8 20.0
10-20% 3 75
AJCC 1B 2 5.0
IIA 10 25.0
1B 28 70.0
Brain metastases were found before PCI Yes 19 475
No 21 52.5
Multiple brain metastases Yes 27 67.5
No 13 325
Symptomatic brain metastases Yes 18 45.0
No 22 55.0
Extracranial disease control ‘Well controlled 25 625
Out of control 15 375
Treatment of brain metastases Radiotherapy alone 23 57.5
Chemotherapy alone 4 10.0
Radiotherapy combined with chemotherapy 9 225
No treatment 4 100

KPS, Karnofsky performance status; AJCC, American Joint Committee on Cancer; PCIL, prophylactic cranial irradiation.
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HR (95%Cl) HR (95%Cl)
Age (years) 0518 -
>58 22 1. -
<58 18 1.242(0.643-2.398) -
Gender 0952 -
male 35 1 -
female 5 0.971(0.375-2.516) -
KPS 0.961 =
290 22 1 -
<90 18 1.017(0.527-1.956) =
Interval time between BM and initial treatment (months) 0.309 -
28 12 1 -
<8 28 1.485(0.690-3.196) -
Interval time between BM and end of chemoradiotherapy (months) 0.321 -
=17 18 1 -
<17 22 1.399(0.718-2.725) =
Brain metastases were found before PCI 0.883 - ‘
No 26 1 = ‘
Yes 14 0.951(0.486-1.86) - ‘
Multiple brain metastases 0.051 0.031 ‘
No 13 1 1
Yes 27 2.012(0.983-4.118) 2.391(1.082-5.285)
Symptomatic brain metastases 0.023 0.231
No 22 1 1
Yes 18 2.118(1.091-4.109) 1.554(0.756-3.198)
Extracranial disease control 0.710 -
Out of control 15 1 -
Well controlled 25 0.881(0.450-1.721) -
Treatment of brain metastases ‘
No treatment 4 1 1
Radiotherapy alone 23 0.151(0.047-0.483) 0.001 0.131(0.035-0.491) 0.003
Chemotherapy alone 4 0.339(0.081-1.408) 0.136 0.215(0.041-1.119) 0.068
Radiotherapy combined with chemotherapy ‘ 9 ‘ 0.048(0.011-0.208) <0.001 0.039(0.008-0.194) <0.001

KPS, Karnofsky performance status; PCI, prophylactic cranial irradiation. -, uncompared.
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HR (95%
( HR (95%Cl)
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Age (years) 0.005 0.007
>61 37 1 1
2.530(1.315- 2.468 (1.280-
<61 37
4.866) 4.757)
Gender 0.369 -
male 66 1 -
1.537(0.601-
female 8 ( -
3.928)
KPS 0.004 0.005
>90 50 1 1
2.516(1.343- 2.446 (1.304-
290 24 516(1.343 6 (1.30
4.710) 4.590)
Loss weight
0.933 -
(%)
<5 55 1 -
1.030(0.514-
> _
- 2 2.065)
AJCC
1IB 1 - -
.448(0.098-
IIIA OdB(0.008 0.300 -
2.045)
IR 1.390(0.331- 0.653 B
5.844)

KPS, Karnofsky performance status; AJCC, American Joint Committee on Cancer; -,

uncompared.
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Variables PCl, n (%) Non-PCl, n
Age(years) 0.195
Median (range) 64 (43-81) 62 (48-82)
Gender 1.000
Male 41 (85.4) 41 (85.4)
Female 7 (14.6) 7 (14.6)
KPS
Median (range) 90 (80-100) 90 (80-100)
Loss weight 0.312
<5% 37 (77.1) 37 (77.1)
5-10% 10 (20.8) 7 (14.6)
10-20% 1(21) 4 (8.3)
AJCC 1.000
1B 3(63) 3(63)
A 21 (43.8) 21 (43.8)
1B 24 (50.0) 24 (50.0)
Curative effect 0.399
CR 2(42) 4(83)
PR 46(95.8) 44 (91.7)

KPS, Karnofsky performance status; AJCC, American Joint Committee on Cancer; PCI, prophylactic cranial irradiation; CR, complete remission; PR, partial remission.






