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Background

Thoracic radiotherapy (TRT) with concurrent chemotherapy is the standard treatment of limited-stage small-cell lung cancer (LS-SCLC). However, there is still a controversy surrounding the treatment strategy especially optimal dosing and fractionation schedule. Current practice patterns among Chinese oncologists are unknown.



Materials and Methods

We surveyed 212 Chinese oncologists using a questionnaire including 50 questions designed by experienced oncologists. Questions covered demographic data, treatment recommendations, and self-assessed knowledge of guidelines or key clinical trials for SCLC. The chi-square test and Fisher’s exact test were utilized to describe the result of the study.



Results

The response rate was 97% (207/212). Of all the respondents, 69% preferred TRT QD, 29% preferred BID, and 2% chose HFRT. For those who prefer TRT QD, 72% preferred a total dose of 60 Gy, followed by 15% opting for 66 Gy, 12% for <60 Gy, and 1% for 70 Gy. Of those who prefer BID, 79% preferred a total dose of 45 Gy, with 4% choosing 30 Gy, 8% choosing 50 Gy, 7% choosing 54 Gy, and 2% choosing >54 Gy. Regarding PCI, 82% of participants believed that PCI should be performed when treatment is completed and 13% believed that PCI should begin immediately after concurrent chemoradiotherapy. As for other therapies, 26% of participants choose concurrent anti-angiogenic therapy during SCLC treatment, and 49% recommended small-molecule TKI as the main anti-angiogenic therapy.



Conclusion

Substantial variation exists in how Chinese oncologists approach TRT dosing and fractionation for LS-SCLC. Almost 70% of respondents reported administering TRT QD more often in daily work. The most common doses were 60 Gy QD and 45 Gy BID.
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Introduction

Small-cell lung cancer (SCLC) is a highly malignant neuroendocrine tumor with strong invasiveness and rapid progression and accounts for about 15% of all lung cancers, and the incidence of limited-stage small-cell lung cancer (LS-SCLC) is about 33,000 people per year (1, 2). Thoracic radiation (TRT), which has been demonstrated to improve overall survival (OS) in LS-SCLC, is the standard treatment for LS-SCLC when combined with chemotherapy (3), while substantial variation was found in the dosing and fractionation for TRT in practice.

In 1999, a survey from ECOG (INT 0096) showed that while twice-daily TRT of 1.5 Gy in 30 treatments improved survival compared with conventional TRT, it still had a higher rate of local failure, as well as hematological and pulmonary side effects (4). However, in 2017, the CONVERT trial confirmed no differences in survival or major toxicity between the 66-Gy QD regimen and the 45-Gy BID regimen (5). Based on the results of INT 0096, NCCN guidelines have recommended one of two treatment strategies: BID TRT in 1.5-Gy fractions over 3 weeks for a total dose of 45 Gy or once-daily (QD) TRT in 2.0-Gy fractions over 6 to 7 weeks for a total dose of 60–70 Gy (6). Given the ongoing debate, a survey of 309 American radiation oncologists was designed to analyze the substantial variation in the practice patterns of LS-SCLC treatment in 2018. The study claimed that most radiation oncologists preferred QD over BID fractionation and more than three quarters administered QD TRT more often to their patients. Influenced by NCCN guidelines, the overwhelming majority of those who preferred BID TRT recommended a total dose of 45 Gy, while for QD TRT the preferred dose varied from 60 to 70 Gy (7).

More recent assessments have been presented in response to the controversy. A multicenter retrospective review reported in the 2020 ASTRO annual meeting showed that a total of 804 patients with LS-SCLC was followed from 2000 to 2016 and divided randomly into 3 groups by different treatment strategies, including hypofractionated RT using 40 Gy in 15 fractions with once-daily treatment, standard RT using 50 Gy in 25 fractions with once-daily treatment, and hyperfractionated RT using 45 Gy in 30 fractions with twice-daily treatment. The analysis revealed no differences in OS across three commonly used RT regimens, while the use of hyperfractionated RT appeared to have a tendency of survival advantage (8). Bjorn Henning Gronberg et al. investigated 176 patients and claimed that compared with BID TRT with a total dose of 45 Gy, high-dose BID TRT of 60 Gy in 40 fractions showed a substantial benefit in 2-year survival (70.2% vs. 46.1%) and a significantly longer median overall survival (41.6 vs. 22.9 months) (9). Another phase III trial [CALGB 30610 (Alliance)/RTOG 0538.] reported in the 2021 ASCO annual meeting demonstrated that compared with 45-Gy BID TRT, high-dose QD TRT to 70 Gy did not significantly improve OS. Most grade 3+ hematologic and non-hematologic adverse events were similar between cohorts (10). Moreover, there was also a meta-analysis aimed at analyzing the treatment suitability of stereotactic ablative radiotherapy (SABR) in LS-SCLC which showed that for inoperable early-stage, node-negative SCLC, SABR is locally effective (nodal and distant failure rates were 17.8% and 26.9%, respectively) with limited toxicity (grade 1, grade 2, and grade 3 toxicity rates: 12.6%, 6.7%, and 1.4%, respectively. No grade 4 or 5 events were observed) (11).

Given the ongoing debates and progress of studies, we designed an online survey including the time and fractionation schedule of TRT for LS-SCLC, choices of prophylactic cranial irradiation (PCI), and angiogenesis inhibitors to learn how Chinese oncologists treat patients with LS-SCLC.



Materials and Methods


Survey Instrument Development

Relying on the Chinese Anti-Cancer Association, we surveyed 212 Chinese oncologists using an online questionnaire including 50 questions designed by experienced oncologists. The questions covered demographic data, treatment recommendations including the timing of TRT, dose fractionation schedule, PCI, and angiogenesis inhibitor use. The questions also covered self-assessed knowledge of key clinical trials or guidelines of LS-SCLC, including NCCN guidelines, INT 0096study, CONVERT trial, and RTOG 0538 trial. The duration since residency training related to SCLC treatment is also included in the self-evaluation. All the participants were asked to provide their answers for each question and choose the reasons prepared. An “other” option was also provided for the participants to type their reasons.



Data Collection

The data were collected through an online questionnaire developed by Wenjuanxing software (https://www.wjx.cn). The questionnaire link was sent to oncologists across the country to participate in this project using email. Invitations were sent in August 2021 and closed in October 2021.



Statistical Analysis

Data analysis was conducted using the SPSS 25.0 software (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.). The chi-square test was used to identify differences between groups for categorical variables. Fisher’s exact test was utilized to compare the correlation between two categorical variables. P-value <0.05 indicated that the results were statistically significant.




Results


Survey Respondents

We sent 3,495 email addresses and received 548 undeliverable/failed automatic replies, 207 completed responses, and 5 inapplicable ones. Among the 207 participants, 206 are clinical oncologists from various levels of hospitals in China, and one is a student majoring in radiation oncology. Considering the rigor and credibility of the research, only the responses from 206 oncologists were analyzed. Among the 206 participants, there are 174 radiation oncologists, 31 are engaged in medical oncology, and one is an oncological surgeon. Of all the participants who completed the questionnaire, 5.8% of oncologists were from grade II hospitals while 94.2% were from grade III hospitals of which 86% oncologists were from grade III level A hospitals. The classification of all hospitals is based on the Chinese 3-tier classification system that recognizes a hospital’s ability to provide medical care and medical education and conduct medical research. Of all the 206 oncologists, 76% were practicing for over 10 years after completing residency training, while 13% practiced for 5–10 years and 11% for 5 years. The characteristics of 206 oncologists who completed the survey are summarized in Table 1.


Table 1 | Demographic information for oncologists who completed the survey (n = 206).





Timing of TRT With Chemotherapy Cycles

In our questionnaire, 100% of participants recommended TRT in LS-SCLC patients. More than half of participants (65.5%) preferred to begin TRT after two cycles of chemotherapy, 26.7% preferred one cycle, and 7.8% preferred to start 3 cycles or later. When asked at what time most of their patients with LS-SCLC started TRT in actual practice, 66.5% of participants answered 2 cycles, 26.2% answered 1 cycle, and 7.3% said in 3 cycles or later. There was a statistical significance between the preferred start time of TRT and some of the demographic characteristics of participants, including practice setting (Fisher’s exact P = 0.002), the number of SCLC patients treated in the department (Fisher’s exact P = 0.001), and the number of SCLC patients treated by their own (Fisher’s exact P = 0.007). There were no statistically significant correlations between the preferred start time of TRT and other demographic characteristics of respondents, including geographic location (Fisher’s exact P = 0.9) and years since residency training (Fisher’s exact P = 0.5). However, the preferred start time was not strongly correlated with the actual start time of the TRT (Kendall tau rank correlation P = 0.08). For nearly a half of respondents (43%), the actual start time of TRT differed from their preferred time, in which 47% of oncologists started TRT later than they preferred to, while 53% started earlier. Oncologists in high-level hospitals are more likely to start TRT after two cycles of chemotherapy and have more stable choices in actual practice.

When asked whether they preferred to choose concurrent chemoradiotherapy or sequential chemoradiotherapy, nearly 90% of participants recommended concurrent chemoradiotherapy, and only 10% preferred sequential chemoradiotherapy. Those who recommended concurrent chemoradiotherapy suggested that concurrent chemoradiotherapy can improve overall survival compared with sequential chemoradiotherapy. However, in practice, 25% of 206 oncologists cannot complete concurrent chemoradiotherapy when treating patients with LS-SCLC, indicating that there are actual difficulties that exist in concurrent chemoradiotherapy in practice.



Fractionation Schedule for LS-SCLC

Our questionnaire provided three options for the radiotherapy fractionation schedule: QD, BID, and HFRT. Approximately 69% of all the respondents preferred TRT QD compared with 29% who preferred BID fractionation and only 2% who chose HFRT (Figure 1A). When asked which TRT schedule was more commonly used when they treat patients with LS-SCLC in actual practice, 76% chose QD, 22% said BID, while only 2% selected HFRT (Figure 1B). There were no statistically significant correlations between the preferred fractionation schedule and demographic characteristics of respondents, including practice setting (Fisher’s exact P = 0.24), geographic location (Fisher’s exact P = 0.51), and years since residency training (Fisher’s exact P = 0.72). There was a statistical significance between the preferred fractionation schedule and the number of SCLC patients treated in the department (Fisher’s exact P = 0.02) and by their own (Fisher’s exact P = 0.03). Moreover, the preferred fractionation schedule was highly correlated with the actual fractionation schedule of TRT (Kendall’s rank correlation tau P < 0.001), meaning that actual practice frequently aligned with preference.




Figure 1 | Choices of fractionation schedule of TRT. (A) 143 out of 206 oncologists (69.4%) preferred TRT once daily (QD); 60 participants (29.1%) preferred twice daily (BID) compared with 3 who preferred HFRT. (B) In actual practice, 157 out of 206 respondents (76.2%) chose QD TRT; 44 (21.3%) chose BID TRT combined with 5 oncologists (2.4%) who chose HFRT.



We evaluated the treatment preferences of radiation oncologists, medical oncologists, and oncological surgeons to determine the variations in treatment preferences among specialties. As there was only one surgical oncologist among the respondents, only radiation oncologists and medical oncologists were analyzed. Among 174 radiation oncologists, 66.1% recommended QD TRT, 32.8% preferred BID TRT, and 1.1% advocated HFRT. For medical oncologists, 87.1% (27/31) recommended QD TRT, 1% supported BID TRT, and only one participant recommended HFRT, while 74.7% of radiation oncologists and 83.9% of medical oncologists utilize QD TRT more frequently in practice, with 23.6% vs. 9.7% who use BID TRT more frequently. There were no statistically significant correlations between the preferred fractionation schedule and demographic characteristics of respondents in either the radiation oncologist or medical oncologist groups, including practice setting (rad onc: Fisher’s exact P = 0.14; med onc: Fisher’s exact P = 0.25), geographic location (rad onc: Fisher’s exact P = 0.16; med onc: Fisher’s exact P = 0.654), years since residency training (rad onc: Fisher’s exact P = 0.30; med onc: Fisher’s exact P = 0.49), the number of SCLC patients treated in the department (rad onc: Fisher’s exact P = 0.65; med onc: Fisher’s exact P = 0.926), and by their own (Fisher’s exact P=1.00).



Physician Reasoning for Fractionation Choice

The results are summarized in Figures 2A, B for the reason that the respondents preferred different fractionation techniques. For those who preferred QD TRT, 15 out of 143 (10%) believed that QD TRT was more convenient and had a higher medication compliance for patients, and 58 of them (40.5%) reported that QD TRT met the recommendation of clinical practice, while nearly a half of them (48.9%) answered it was easier for patients to tolerate especially for those with low Karnofsky Performance Status (KPS). Nearly half of radiation oncologists (53.4%) agreed that QD TRT was easier for patients to tolerate, especially for those with low Karnofsky Performance Status (KPS), with 31.6% admitting that QD TRT met the clinical practice recommendations and 14.9% reporting that QD TRT was more convenient and had a higher medication compliance for patients. There was a 50/50 division among medical oncologists who believed that QD TRT was more tolerable for patients, particularly those with a pretty low general status and those who thought it was more consistent with clinical practice arrangements.




Figure 2 | Physician reasoning for fractionation choice. (A) Reasons for those who choose QD TRT. (B) Reasons for those who choose BID TRT.



For those who preferred BID TRT, 23 out of 60 (38%) reported that BID TRT coincided with the characteristics of SCLC proliferation, 35 (59%) chose BID therapy for the reason that BID TRT has been proved to be efficient by INT 0096 and CONVERT trial, and only 2 respondents (3%) noted that BID TRT may shorten the time of treatment for patients who can tolerate radiotherapy. Regarding the reasons for choosing the BID TRT, 44.8% of radiation oncologists and 22.6% of medical oncologists believed that it had proven efficacy, 39.7% of radiation oncologists and 64.5% of medical oncologists believed that it was more compatible with the proliferative properties of SCLC, and 15.5% of radiation oncologists believed that it was more effective for tolerating shorter treatment cycles for patients.

Two of those who preferred HFRT said that HFRT met the recommendation of clinical practice, only 1 of them chose “other.”



TRT Dose

When administering QD TRT, more than two-thirds (72%) of the respondents preferred a total dose of 60 Gy, followed by 13% opting for 61–66 Gy, 13% for <60 Gy, and 2% for 70 Gy (Figure 3A). When administering BID TRT, the majority (85%) of the respondents preferred a total dose of 45 Gy, with 2% choosing 30 Gy, 3% choosing 50 Gy, 7% choosing 54 Gy, and 3% choosing >54 Gy (Figure 3B). The majority of radiation oncologists (about 74.1%) agree that the total dose of QD TRT should be 60 Gy. Radiation oncologists proposing less than 60 and 61–66 Gy accounted for 9.8% and 14.9%, respectively, with only two out of 174 participants suggesting a total dose of 70 Gy. In the case of medical oncologists, 66.7% picked 60 Gy, whereas 19.4% and 16.1% chose a total dose of less than 60 and 61–66 Gy, respectively. For BID TRT dose selection, 83.9% of radiation oncologists and 54.8% of medical oncologists recommended a total dose of 45 Gy, and 8.0% vs. 9.7% chose 50 Gy, 5.2% vs. 16.1% chose 54 Gy, 1.1% vs. 12.9% recommended 30 Gy, and 1.7% vs. 6.5% advised a cumulative dose of more than 54 Gy.




Figure 3 | Preferred doses for once-daily (QD) and twice-daily (BID) thoracic radiotherapy (TRT). (A) For QD TRT, 103 out of 143 respondents (72%) recommended 60 Gy, 19 (13.2%) chose 61–66 Gy, 19 (13.2%) chose <60 Gy, and 2 (1.4%) chose 70 Gy. (B) For BID TRT, 51 out of 60 respondents (85.0%) recommended 45 Gy, 4 (6.7%) chose 54 Gy, 2 (3.3%) chose >54 Gy, and 1 (1.6%) chose 30 Gy.



For BID TRT, demographic characteristics including practice setting (Fisher’s exact P = 0.22), geographic location (Fisher’s exact P = 0.71), the number of SCLC patients treated in the department (Fisher’s exact P = 0.87), and the number of SCLC patients treated by their own (Fisher’s exact P = 0.79) were not correlated with the choice of dose, while the preferred TRT dose was highly correlated with the years since residency training (Fisher’s exact P = 0.009). Those experienced oncologists with over 10 years of experience after residency training were more likely to recommend doses of 45 Gy. For QD TRT, physicians with >10 years of experience after residency training and those who work in higher-level hospitals were more likely to recommend doses of 60 Gy (P < 0.001, P < 0.001). There were no statistically significant correlations between preferred TRT dose and demographic characteristics of respondents in either the radiation oncologist or medical oncologist groups, and P values were all higher than 0.05.



Prophylactic Cranial Irradiation

When we asked the participants if PCI is necessary for LS-SCLC, 182 participants (90.3%) recommended PCI, 8 (3.8%) recommended that PCI is not necessary, while 16 (7.8%) chose “not sure.” Almost all of the respondents (99%) required patients to have a routine head MRI before PCI, and only 54 (26%) recommended administrating memantine. For those who recommended PCI, 142 (79%) chose 25 Gy as the total dose, 37 (20%) recommended 30 Gy, and only 2 (1%) chose the “other” option.

As for the timing of PCI, nearly 82% of participants thought that it should be performed when treatment is completed, 13% believed that PCI should begin immediately after concurrent chemo-radiotherapy, and 5% chose the “other” option.

Respondents were more likely (78%) to recommend PCI in patients who achieve complete clinical response (CR) after chemotherapy, 20% recommended partial response, and only 2% recommended stable disease.



Angiogenesis Inhibitors

In our study, 52 out of 206 (26%) participants recommended concurrent anti-angiogenic therapy, while 154 (74%) did not. For those who recommended angiogenesis inhibitors, 49% preferred small-molecule TKI as the main treatment, followed by VEGFR antibodies (35%) and ENDOSTAR (16%). Those who work in higher-level hospitals and have over 10 years of experience after residency training were more likely not to recommend concurrent anti-angiogenic therapy (P = 0.037, P = 0.005).



Immunotherapy

Despite the lack of unambiguous evidence supporting the use of immunotherapy in LS-SCLC, this study surveyed immunotherapy doctors to learn about the treatment in practice. Nearly half of the respondents (44%) said they were “unsure,” 32 (16%) said they were “not recommended,” and 84 (41%) said they would suggest immunotherapy with concurrent chemo-radiotherapy. When it came to those who preferred concurrent immunotherapy, 48 out of 84 (57%) said the target volume should be narrowed, 20 (24%) said the immunotherapy program should be altered with the radiotherapy and chemotherapy, 7 (8%) said PD-L1 only, and 9 (11%) chose “other” (Figure 4).




Figure 4 | Physician reasoning for immunotherapy.





Individualized Questions

Several questions about self-related knowledge were also included in the survey. Nearly 81% of participants were familiar with the guidelines or key clinical trials of SCLC. Almost all participants (96%) were enthusiastic about new developments in SCLC treatments. The last question is the proportion of patients with LS-SCLC treated according to the guidelines (including NCCN, CSCO, Chinese Medical Association) in China, and the results are summarized in Table 2.


Table 2 | The proportion of patients with LS-SCLC treated according to the guidelines (including NCCN, CSCO, Chinese Medical Association).






Discussion


Timing of TRT With Chemotherapy Cycles

In this study, 90% of participants recommended concurrent chemo-radiotherapy, and 92.2% chose to proceed TRT in cycle 1 or 2, which is consistent with NCCN guidelines, which require TRT to be administered concurrently with chemotherapy in cycle 1 or 2 (6). This result is in line with the findings of a study of 309 radiation oncologists in the United States, which found that 96% administered TRT with concurrent chemotherapy in cycles 1 and 2 and that over 98% of the 309 respondents recommended concurrent therapy over sequential therapy early in the regimen (12). In this study, those who recommended concurrent chemo-radiotherapy claimed that it can improve overall survival (OS) when compared to sequential chemo-radiotherapy. Even though some studies have shown that early TRT has specific survival advantages (13, 14), some studies have shown that “earlier or shorter” versus “later or longer” TRT had no effect on OS and that only early TRT combined with planned chemotherapy significantly improves 5-year OS (15, 16). While early concurrent chemo-radiotherapy improves OS, it comes at a substantial cost in terms of acute toxicity and particularly esophagitis (15). This case reveals the need for further investigation to improve survival and reduce toxicity in the treatment of LS-SCLC.



Fractionation Schedule for LS-SCLC

In our study, 69% of respondents preferred TRT QD, 29% preferred BID fractionation, and 2% preferred HFRT. In actual practice, 76% chose QD TRT, 22 chose BID TRT, and 2% recommended HFRT, indicating that they were more inclined to choose QD TRT regardless of expert recommendations or in the actual practice process. This conclusion is consistent with the findings of a survey of US radiation oncologists on practice patterns of radiation dose and fractionation for LS-SCLC (7).

Although the NCCN guidelines recommend TRT for 45-Gy QD or 60–70-Gy BID for LS-SCLC patients (6), it is necessary to take “more convenient operation” and “better patient compliance” into account in actual practice. These realistic factors influence TRT fractionation schedule choices in both China and the United States (7). Although more oncologists are using QD TRT in their daily practice, the CONVERT trial argues that BID TRT should be considered the standard of care (5).

In the INT 0096 research, it is also considered that patients taking BID TRT have a considerably increased OS and 5-year survival rate (4). However, because the bioequivalent dosage of twice-daily chest radiation is larger than that of once-daily chest radiotherapy, the conclusion that BID TRT is superior to QD TRT remains disputed. Even though BID TRT was more effective than QD TRT in the INT 0096 research, there was a 36% local failure rate and a greater incidence of grade 3/4 esophagitis still exists (17).

There were also studies comparing hypofractionated radiation therapy (HFRT) and conventional segmentation (CFRT), with HFRT (40 Gy/15 fractions, 45 Gy/15 fractions, 45 Gy/20 fractions) and CFRT (60 Gy/30 or 66 Gy/33 fractions). The findings reveal that there is no difference in survival or toxicity between HFRT and CFRT, implying that HFRT might be used in place of CFRT (17). In the 2020 ASTRO annual meeting, a multicenter retrospective analysis compared three strategies of treatments—hypofractionated TRT (40 Gy/15f, QD TRT), conventional TRT (50 Gy/25f, QD TRT), and hyperfractionated TRT (45 Gy/30f, BID TRT)—but showed no differences of OS between three regimens (8). However, although the study monitored the patients from 2000 to 2016, only hypofractionated TRT was regularly used throughout the research period, whereas conventional TRT was largely utilized before 2006 and no longer used after 2009, with hyperfractionated not used until 2013. As a result, it may have an impact on the experiment’s outcome, and a longer timescale may be necessary to derive more reliable conclusions. In our study, only 2% of oncologists identified HFRT as a common choice in their daily work, indicating that further research is needed to determine whether HFRT has a higher benefit and whether it can replace CFRT. Moreover, a meta-analysis reported in the 2020 ASTRO annual meeting showed that SABR may be an eligible choice for inoperable early-stage, node-negative SCLC, while prospective studies are still needed for further evaluation (11).

In this study, for high-level hospitals, such as grade III level A hospitals (according to Chinese hospital classification standards), oncologists who treat more LS-SCLC patients in their daily work are more likely to prefer QD TRT over BID and HFRT. This not only implies that QD TRT is a more popular fractionation strategy in China, but it also indicates that, as the number of patients requiring TRT grows, QD TRT is a way to maximize medical resources. This study investigated the selection among different specialties. Although the proportion of radiation oncologists who picked QD TRT was only 66.7%, with that of medical oncologists being 87%, the differences may relate to the small number of medical oncologists (only 31). Nonetheless, there was no statistical association between the choice of different fractionation schedules and the participants’ fundamental information (geographic setting and location, etc.), and more data are still needed to draw accurate conclusions.



TRT Dose

The NCCN recommends 2.0-Gy fractions over 6 to 7 weeks for a total dose of 60–70 Gy for QD TRT and 1.5-Gy fractions over 3 weeks for a total dose of 45 Gy for BID (6). Recently, the CALGB 30610 (Alliance)/RTOG 0538 trial demonstrated that although the high-dose QD TRT of 70 Gy did not significantly improve OS compared with BID TRT of 45 Gy, high dose once-daily TRT is still considered to be an acceptable option in LS-SCLC (10). In American analysis, the respondents preferred BID TRT and recommended a total dose of 45 Gy while the preferred dose of QD TRT was varied from 60 to 70 Gy, and only 10.0% of respondents recommended 70 Gy with most oncologists preferring lower than 70 Gy (7). In this study, only 2% of oncologists recommended 70 Gy, and those with more than 10 years of experience after residency training or who work in higher-level hospitals were more likely to recommend doses of 60 Gy, indicating that Chinese oncologists may be more conservative in their dose selection and that ongoing education of physicians throughout their careers is important. For BID TRT, the researchers in the American study believed that 45 Gy was overtreatment and there were no clinical trial results that supported higher doses at that time (7). In contrast, Bjorn Henning Gronberg et al. have compared the efficacy of standard-dose versus high-dose twice-daily thoracic radiotherapy (TRT) in small-cell lung cancer with limited disease (LD-SCLC) recently and have discovered that a higher radiotherapy dose of 60 Gy resulted in a significant survival improvement compared to 45 Gy without increased toxicity, implying that twice-daily thoracic radiotherapy of 60 Gy is an alternative schedule (9). In our study, more than two-thirds of respondents preferred a total dose of 60 Gy when administered QD TRT, whereas the majority of respondents preferred a total dose of 45 Gy when administered BID TRT, indicating that the choice of TRT dose is more affected by NCCN guidelines in China.



Prophylactic Cranial Irradiation

In this study, almost all responding oncologists advised PCI and pre-PCI brain MRI for LS-SCLC patients for whom the disease was responding to initial therapy which met the recommendation of NCCN guidelines in which PCI should be performed especially for those who show complete or partial response to initial therapy (5). A randomized trial by the European Organisation for Research and Treatment of Cancer (EORTC) showed that PCI could decrease the rate of symptomatic brain metastases by 25.8% in patients with extensive-stage small-cell lung cancer (ES-SCLC) (18). However, the survival benefit of PCI disappeared when mandating brain MRI before randomization and at regular intervals, while for LS-SCLC, a recent analysis by Ozawa et al. (2015) showed that there were no significant survival benefits to PCI when MRI was used regularly pre-randomization (19). However, the trial mentioned above was a retrospective analysis and with a small size of sample size, indicating that further study is needed to approve the benefits of MRI and current patterns of MRI age.



Use of Angiogenesis Inhibitors and Immunotherapy

Angiogenesis inhibition has been demonstrated to be an effective strategy in the treatment of a variety of tumors (20). Compared with non-small-cell lung cancer, SCLC has a higher microvessel count and VEGF overexpression, so anti-angiogenesis could represent a promising strategy of treatment for SCLC (21). Moreover, most of the clinical trials exploring the survival benefit of chemotherapy combined with antiangiogenic therapy are still conducted in patients with extensive-stage small-cell lung cancer (ES-SCLC). In 2007, the LUN90 trial evaluated the survival benefit of the combination of bevacizumab, irinotecan, and carboplatin in 51 patients with ES-SCLC but showed limit activity as first-line therapy (22). In the ECOG E3501 study, bevacizumab plus cisplatin and etoposide in patients with ES-SCLC could improve PFS and OS and have minimal increase in toxicities (23), while GOIRC-AIFA and SAUTE studies confirmed that bevacizumab improved PFS, but not OS (24, 25). For other angiogenesis inhibitors such as Endostar, sunitinib was not doing well in combination with chemotherapy in the first-line setting as well as ziv-aflibercept in combination with topotecan in the second-line setting (20). Only anlotinib was proved to improve OS and PFS as third-line therapy for Chinese ES-SCLC patients and approved indication in China (20), while treatment with angiogenesis inhibitors showed contrasting results in LS-SCLC patients. A phase II study analyzed bevacizumab as maintenance therapy following treatment with carboplatin, irinotecan, and concurrent radiation but failed to observe any positive results and concluded that bevacizumab was not suitable for maintenance therapy in patients with LS-SCLC. Moreover, there was a meta-analysis including 1,322 patients which showed that therapy with angiogenesis inhibitors did not enhance PFS, OS, or ORR but did increase the incidence of constipation and embolism in SCLC patients (26).

In our study, two-thirds of respondents did not recommend concurrent anti-angiogenetic therapy for LS-SCLC patients. For those who recommended, small-molecule TKI was the most popular choice. Moreover, it may be due to the approval of anlotinib as third-line treatment for ES-SCLC in China. Further study is still needed to determine the survival advantage of angiogenesis inhibitors combined with concurrent chemotherapy or radiotherapy in SCLC patients.

There was no evidence to suggest that radiotherapy with concurrent immunotherapy has benefits for SCLC patients. Randomized phase III trials, such as IMpower133 and CASPIAN, found that atezolizumab or durvalumab in combination with platinum-etoposide treatment enhanced overall survival in patients with advanced disease (27, 28), while the KEYNOTE-604 research found that pembrolizumab combined with chemotherapy did not improve overall survival (29). The use of radiation combined with immunotherapy in the treatment of SCLC remains “an area of active investigation” such as in NRG LU005 (https://clinicaltrials.gov/ct2/show/NCT03811002).



Similarities and Differences Between US and Chinese Data

A large sample of radiation oncologists in the United States was investigated to better understand their decisions on the timing of radiation treatment beginning and fractionation schedule of LS-SCLC patients. Both US and Chinese data show that more oncologists actually recommend early concurrent radiotherapy with cycle 1 or 2 for patients with LS-SCLC, possibly due to NCCN guideline recommendation or data from clinical trials (e.g., phase III trials in Korea), meta-analyses, or systematic reviews supporting that early TRT can significantly improve patient survival (30). According to the US data, 60% of participants suggested QD TRT for LS-SCLC patients, and more than three-quarters of patients actually got QD TRT. Similarly, our study found that 69% of participants advocated QD TRT and that 76% of patients actually got QD TRT (7). QD TRT displayed remarkable simplicity of use for both patients and clinical application in both the US and China. Radiotherapy is frequently provided to Chinese patients in high-level hospitals, whereas radiotherapy facilities at county- or lower-level hospitals are still being established and upgraded to meet patient treatment. As a result, QD is a very frequent and appropriate choice for high-level institutions in order to satisfy as many patient treatment demands as possible while also increasing the efficiency of radiation equipment use. Nonetheless, BID TRT has not been entirely phased out in China. Moreover, these are facts that radiologists all around the world, not only in China and the United States, may have to face. There is still some variance in the dose, with both Chinese and US survey findings indicating that for BID TRT, a total dose of 45 Gy is the most recommended choice by experts, while for QD TRT, the dose is generally between 60 and 70 Gy. Interestingly, in the 2018 US trial, the treatment paradigm of increasing the total dose of QD TRT was proposed. However, the recent CALGB 30610 (Alliance)/RTOG 0538 study found that 70 Gy did not substantially enhance OS when compared to the 45-Gy BID regimen (10). As a result, the ideal dose of QD TRT may still be investigated further in the future.



Limitations

This study has some limitations as well, such as a low response rate of just 216 valid replies. Furthermore, because the participants’ replies to the questions may be subjective, they may be vulnerable to some mistake owing to participant bias. As a result, our findings should be interpreted with caution. Although this study investigated and examined the choice of oncologists in various specialties, it was not able to assess the choice of the surgeon since only one answer was obtained. Furthermore, due to the gap in the number of medical oncologists vs. radiation oncologists, follow-up studies are still required to extend the data and reach more accurate findings. Our team will continue to update the data in order to obtain more accurate and thorough results.




Conclusion

The goal of this survey was to broadly sample oncologists in China on their management of LS-SCLC. Despite differences in LS-SCLC treatment plans, our survey found that most Chinese oncologists still follow the NCCN guidelines in practice, namely, early timing of (QD) TRT in 2.0-Gy fractions over 6 to 7 weeks for a total dose of 60 Gy with a universal endorsement of PCI and pre-PCI brain MRI practices recommended. This study created a practice pattern baseline for future clinical trials for patients with LS-SCLC, provided Chinese oncologists with an agreement on management, and was of reference significance for radiation oncologists worldwide in the treatment of small-cell lung cancer.
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