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Introduction

The optimal treatment strategy for patients with extensive 
stage small cell lung cancer (ES-SCLC) continues to evolve. 
Specifically, the role of prophylactic cranial irradiation 
(PCI) has become an area of controversy following the 
publications of two phase III randomized clinical trials in 
2007 and 2017 that reported conflicting results in regard to 
the impact on overall survival (OS) (1,2). Discussions about 
the potential benefit of PCI in ES-SCLC have been further 
complicated with the recent introduction of immune 
checkpoint inhibitors (ICI) that has now shown to improve 
disease and OS. The uncertainty that remains has led to the 
recent activation of a phase III randomized trial evaluating 
the role of PCI in the era of brain MRI surveillance and 

early salvage CNS-directed radiation therapy for both LS 
and ES-SCLC which will be discussed in this review within 
the context of historical milestones, randomized data, and 
current era of ICI. 

History of clinical research in ES-SCLC

Small cell lung cancer (SCLC) accounts for approximately 
15% of all newly diagnosed lung cancer cases and an 
estimated 60–70% of patients will be diagnosed with 
extensive stage disease at presentation (3,4). As with many 
malignancies, the treatment paradigm for SCLC has 
evolved over time from surgical resection to combined 
modality therapy with chemoradiation (5). As treatment 
strategies developed, discoveries about the biology, patterns 
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of spread and clinical presentation of SCLC led to the 
stratification of patients into limited and extensive stage 
disease in 1957 by the Veterans Administration Lung 
Cancer Study Group (6,7). This stratification is generally 
made by radiation oncologists who determine whether or 
not all areas of visible disease can be encompassed within 
a radiation therapy portal (8). This distinction would be 
critical in driving the evolution of treatment paradigms for 
LS-SCLC and ES-SCLC over the following decades.

In 1969, data from the Veterans Administration 
hospitals demonstrated a benefit of radiotherapy over 
surgical resection for LS-SCLC (9) In that same year, 
single agent chemotherapy utilizing cyclophosphamide 
proved to have activity in SCLC and became one of the 
chemotherapies of choice for ES-SCLC (10). By the 
1970’s, studies identified that the combination of cisplatin 
and etoposide (EP) was highly active against SCLC and 
safer when given with whole brain radiotherapy or thoracic 
radiation, given that EP is not often associated with 
radiation recall (5,11,12). This body of work eventually led 
to the use of combination EP as the standard of care in the 
treatment of ES-SCLC (13).

Despite advances in systemic control for LS-SCLC and 
ES-SCLC, intracranial failures remained common in both 
cohorts. Data then began to emerge that showed a benefit 
to PCI in patients with LS-SCLC by decreasing the rate 
of brain metastasis (14). Additional studies reported on 
the benefits of PCI in LS-SCLC which led to the widely 
cited systematic review by Aupérin et al. that found a 5.4% 
improved rate of survival at three years whenever PCI was 
added to standard of care treatments for LS-SCLC (15). 

Meanwhile, the treatment paradigm for ES-SCLC 
remained largely static for the next several decades. That is, 
until 2007 when the European Organization for Research 
and Treatment of Cancer (EORTC) reported a phase III 
randomized clinical trial of 268 patients that showed an 
OS benefit with the addition of PCI in ES-SCLC (1). In 
2015, a separate randomized phase III study of 498 patients 
conducted in the Netherlands and the United Kingdom 
(CREST trial) reported an OS benefit with the addition 
of consolidative thoracic radiotherapy in ES-SCLC in 
participants who responded to chemotherapy; both arms of 
the CREST trial received PCI (16). However, subsequent 
randomized trials were unable to confirm the findings from 
the EORTC and CREST trial. 

The first non-confirmatory study was the phase II 
RTOG 0937 that attempted to further assess the role 
of consolidative radiotherapy in ES-SCLC with local 

treatment of up to four metastatic sites and included PCI in 
both treatment arms. It was closed in 2015 after 86 patients 
were randomized due to a futility analysis showing that 
it was unlikely there would be a survival advantage in the 
study (17). Next, a Japanese randomized trial challenged 
the benefit of PCI in the era of brain MRI surveillance 
and early salvage radiation therapy and demonstrated no 
significant difference in OS between MRI surveillance with 
and without PCI (2). The details of this latter trial and its 
implications are discussed in further detail below. 

Meanwhile, following a lack of progress for decades with 
improvements in systemic therapy, the IMpower133 trial 
demonstrated an OS benefit for ES-SCLC when the ICI 
atezolizumab which was approved by the FDA in 2019 was 
added to etoposide plus a platinum chemotherapy (18). It 
deserves emphasis that this study did not mandate PCI 
and only 11% of participants received PCI. This is likely 
a reflection of changing paradigms and concerns for 
increased neurotoxicity attributable to PCI. Yet, with such 
low numbers and without any randomization of PCI in that 
trial, patients with ES-SCLC who receive ICI and are now 
living longer have an unknown benefit with PCI and may be 
at increased risk for developing neurological complications 
and premature death from uncontrolled brain metastases. 

Methods

We performed a search of the PubMed database to identify 
pertinent articles relating to the treatment of ES-SCLC 
and PCI. In addition to database searches, hand searches 
were also conducted based on expert opinion and author 
consensus. Searches of published abstracts were also 
included in the formation of the manuscript when full 
articles were not available. Lastly, to ensure thoroughness 
of the search, ClinicalTrials.gov was queried and protocols 
of interest were included for discussion. Finally, the 
manuscript and reference list were evaluated and approved 
by all authors for inclusion in the current publication. 

Biologic plausibility 

A question that is often asked is “what was the original 
thinking behind the potential benefit with PCI in patients 
with ES-SCLC?”. The biological plausibility and premise 
with PCI in ES-SCLC stemmed from awareness of the 
extremely high rate of brain metastasis in this population, 
coupled with the understanding that the CNS serves as a 
sanctuary site for SCLC cells. Studies have estimated the 
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Table 1 Evidence based guidelines for PCI in ES-SCLC

Organization Most recent year updated Position on PCI for ES-SCLC

European Society of Medical Oncology 2013 PCI recommended, Grade IA

American College of Chest Physicians 2013 PCI recommended, Grade IB

American Society of Clinical Oncology 2015 PCI recommended, Grade IB

National Comprehensive Cancer Network 2020 Consider PCI or MRI surveillance

American Society of Radiation Oncology 2019 Consider PCI or MRI surveillance 

PCI, prophylactic cranial irradiation; ES-SCLC, extensive stage small cell lung cancer.

incidence of brain metastases in ES-SCLC to approach 58% 
at 2 years after initiation of chemotherapy, and it is often 
the primary cause of death (19). Additional data following 
all patients with SCLC estimates that approximately 75% 
of patients will develop brain metastasis regardless of 
treatment (19,20). With uncontrolled disease within the 
CNS as a predominant cause of death, the hypothesis was 
developed that PCI in all patients could improve survival 
outcomes by reducing neurologic death (21). Randomized 
trials eventually demonstrated significant reductions in the 
incidence of brain metastasis; however, they initially failed 
to demonstrate improvements in OS (14). Eventually, a 
pair of meta-analyses demonstrated an OS benefit with 
PCI in patients with LS-SCLC who had a complete 
response to chemotherapy (15,22). This contributed to 
an evidence base that supported later efforts to evaluate 
the benefit of PCI for ES-SCLC. It remained unclear, 
however, if PCI would offer improved CNS control solely 
by addressing subclinical microscopic disease in the brain 
at the time of PCI, or if there might be additional effects 
on the CNS microenvironment that make the brain a less 
receptive “soil” for metastatic seeding. Regardless, even if 
the benefits of PCI on CNS control primarily arose from 
addressing existing subclinical disease, it opened the doors 
to any strategy that might achieve the same goal, such as 
the development of systemic therapies with enhanced CNS 
activity and imaging advancements that allow for earlier 
detection and salvage CNS-directed therapies.

Randomized data and controversies

The first prospective randomized study to demonstrate 
a survival benefit to PCI in ES-SCLC was conducted by 
the EORTC and published in the New England Journal of 
Medicine in 2007 (1). This trial randomized 286 patients 
with any response to systemic chemotherapy to PCI vs. 

clinical observation. The primary outcome was time to 
symptomatic brain metastases while OS, toxicity and 
treatment costs were secondary outcomes. The authors 
reported that patients who received PCI had a lower risk of 
symptomatic brain metastases [HR 0.27; 95% confidence 
interval (CI), 0.16–0.44] and lower cumulative incidence of 
brain metastases at 1 year compared with observation 14.6% 
vs. 40.4%. The authors reported a two-fold increase in OS 
at 1-year PCI: 27.1% (95% CI, 19.4–35.5) vs. 13.3% (95% 
CI, 8.1–19.9). The study reported higher rates of hair loss 
and fatigue with PCI, although there were no statistically 
significant differences in cognitive functioning or emotional 
functioning. The authors concluded “prophylactic cranial 
irradiation should be part of standard care for all patients 
with small-cell lung cancer who have a response to initial 
chemotherapy, and it should be part of the standard 
treatment in future studies involving these patients”. Before 
long, PCI become the standard of care for ES-SCLC in 
multiple evidence-based clinical practice guidelines (Table 1). 

Although the findings were practice changing, the results 
of this EORTC trial were critiqued for not mandating 
any brain imaging either before or after 4–6 cycles of 
initial chemotherapy, or during an interval of no more 
than 5 weeks between the last cycle of chemotherapy and 
randomization. In addition, patients were not followed 
with routine imaging in either arm of the study, and brain 
imaging (either CT or MRI) was left to the discretion of 
the treating physician depending on clinical symptoms. 
While the omission of restaging brain imaging was standard 
of care practice at the time, it contributed to uncertainties 
about what percentage of patients may or may not have had 
any detectable brain metastases at the time of PCI. This is 
noteworthy as the incidence of brain metastases in SCLC 
at diagnosis has been reported to be as high as 25% with 
MRI staging, and a meaningful number of patients will 
develop brain metastases after first-line therapy and prior to 
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PCI (23,24). Thus, a major concern was that the subset of 
patients with undetected brain metastases in the EORTC 
trial were randomized to actually receive therapeutic rather 
than PCI vs. observation until the time of neurologic 
symptoms related to their brain metastases. A recent 
systematic review and meta-analysis by Yin and colleagues 
in all patients with SCLC investigated this question by 
dichotomizing key studies of PCI into groups according 
to whether or not brain imaging was mandated (25). They 
found that PCI was only associated with a statistically 
significant OS benefit whenever studies did not mandate 
brain imaging (HR 0.81, 95% CI, 0.67–0.99), but the OS 
benefit disappeared whenever studies mandated brain 
imaging (HR 0.94, 95% CI, 0.74–1.18) (25). 

The uncertainty of benefit with PCI for ES-SCLC 
that remained following this EORTC trial eventually led 
to a new randomized phase III trial by Takahashi et al. 
that required brain MRIs prior to enrollment to confirm 
the absence of brain metastases. This study, which was 
conducted in Japan, was an open-label trial that randomized 
224 patients to MRI surveillance with and without PCI (2). 
Key inclusion criteria included any response to systemic 
chemotherapy and no evidence of brain metastases by 
MRI within 4 weeks of enrollment. All patients were then 
required to have routine brain imaging after randomization 
every 3 months for 1 year and again at 18 and 24 months. 
Although the earlier EORTC trial had already reported an 
OS advantage with PCI in ES-SCLC, the Japanese study 
design considered MRI surveillance alone the standard 
arm and used a one-sided alpha design to detect a 9% OS 
advantage at 2 years with the addition of PCI. The study 

was terminated early at a planned interim analysis due 
to futility (due to a 0.011% probability that PCI would 
improve OS over MRI surveillance alone) and the results 
were published in 2017. The authors reported a median OS 
of 11.6 (95% CI, 9.5–13.3) months in the PCI group and 
13.7 (95% CI, 10.2–16.4) months in the observation group 
with a HR of 1.27 (95% CI, 0.96–1.68, P=0.094). Thus, 
in the context of MRI surveillance, the Japanese trial did 
not confirm the OS benefit of PCI that was reported in the 
EORTC study despite similar decreases in brain metastases 
with PCI (see Table 2 for comparisons of key studies). The 
cumulative incidences of brain metastases at 6, 12, and  
18 months were 15.0% (95% CI, 9.2–22.3), 32.9% (24.3–
41.7), and 40.1% (31.0–49.1), in the PCI group and 46.2% 
(36.7–55.2), 59.0% (49.1–67.6), and 63.8% (54.0–72.1), in 
the observation group (P<0.0001), respectively. As in the 
EORTC trial, no differences in cognitive function were 
measured between groups. The authors of this Japanese 
study concluded that PCI in patients with ES-SCLC is not 
essential. 

The conflicting data between the EORTC study 
and the Japanese data ultimately led to changes with 
recommendations in evidence-based clinical guidelines for 
ES-SCLC (see Table 1) (26). Key arguments about PCI 
for ES-SCLC have been centered around the impact of 
restaging and surveillance brain imaging with serial MRI 
scans. The Japanese trial suggested that in the context of 
close MRI surveillance and omission of upfront PCI, brain 
metastases that later occur may be effectively treated at 
time of detection without a decrement in OS. To this end, 
among patients in the MRI surveillance arm of the Japanese 

Table 2 Summary of key prospective studies discussed

Author Treatment N PFS (median), mo OS (median), mo 1 y OS (%) 2 y OS (%)

Slotman, 2007 (EORTC) No PCI 143 2.8 5.4 13 –

PCI 143 3.5 6.7 27 –

Takahashi, 2017 No PCI 111 2.4 13.7 54 19

PCI 113 2.3 11.6 48 15

Slotman, 2015 (CREST) PCI 248 3.1 7.9 28 3

PCI+TRT 247 3.9 8.0 33 13

Gore, 2017 (RTOG) PCI 42 2.9 15.8 60 –

PCI+cRT 44 4.9 13.8 51 –

EORTC, European Organization for Research and Treatment of Cancer; RTOG, Radiation Therapy Oncology Group; CREST, Chest 
Radiotherapy Extensive Stage Trial; PCI, prophylactic cranial irradiation; TRT, thoracic radiotherapy; cRT, consolidative radiotherapy; PFS, 
progression free survival; OS, overall survival.
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trial who developed brain metastases, 83% received salvage 
radiation. Conversely, among patients in the surveillance 
arm of the EORTC trial who developed symptomatic brain 
metastases, only 59% received salvage radiation. Thus, 
41% with symptomatic brain metastases in the observation 
arm of the EORTC trial were unable to receive salvage 
radiation, raising the question of whether this difference 
could have contributed to the decreased OS without PCI. 
Other potential explanations for the differences in the 
effect of PCI may include biologic heterogeneity between 
the European and Japanese populations that has impacted 
randomized trial data before. For example, a study of 
irinotecan in LS-SCLC that was found to improve OS in a 
Japan Clinical Oncology Group randomized phase III trial 
could not be confirmed in a similar North American study 
(27,28). Although, the similar magnitude of the reduction in 
brain metastases with PCI in the EORTC and the Japanese 
trial offers a meaningful counterargument to the hypothesis 
of heterogeneous population effects.

Finally, although non-randomized, a recently published 
single-institution retrospective study from Ottawa assessed 
the role of PCI in 397 patients with ES-SCLC without 
baseline brain metastases and who had a partial response 
to chemotherapy (29). In this report, Bang and colleagues 
identified a higher rate of OS in the 155 patients who 
received PCI compared to those who did not receive PCI 
(HR 0.55; 95% CI, 0.39–0.77; P=0.0005), even when MRI 
restaging was performed. 

PCI in the era of ICI

While the aforementioned randomized trials of PCI and 
consolidative radiation therapy were ongoing for ES-
SCLC, multiple efforts had been underway in parallel 
to improve systemic disease control. Following multiple 
negative randomized trials, the phase III IMpower133 
trial that was published in 2018 represented the first 
breakthrough in decades to show an improvement in OS 
for ES-SCLC (18). It randomized 403 patients to 4 cycles 
of induction etoposide plus platinum chemotherapy with 
either atezolizumab or a matching placebo, followed by 
maintenance atezolizumab or placebo and demonstrated a 
median OS benefit of 12.3 months (95% CI, 10.8 to 15.9) 
in the atezolizumab arm compared with 10.3 months (95% 
CI, 9.3 to 11.3) in the placebo arm. The use of PCI in that 
trial had not been mandated, was delivered to just over 
11% of patients enrolled, and did not report the rates of 
brain metastases or neurological death. Another phase III 

trial of ICI in ES-SCLC was the CASPIAN trial which was 
published in 2019 and also showed an improvement in OS, 
this time with the addition of durvalumab (30). However, as 
with the Impower133 trial, the use of PCI in CASPAIN was 
poorly controlled, limited to patients in the chemotherapy 
arm, and delivered to only 8% of participants. The 
fundamental limitations with how PCI was utilized in 
these contemporary randomized trials introduces major 
limitations that obscure our understanding of how PCI 
in combination with ICI may help. On the one hand, the 
benefits of PCI to control CNS disease may become even 
more important with improved systemic disease control and 
prolonged overall survival with ICI. However, given ICIs 
have been found to penetrate the blood brain barrier and 
lead to objective responses in patients with known brain 
metastases, it is also possible that ICI may be sufficient 
to improve the control of microscopic CNS disease in a 
manner that dilutes previously seen benefits of PCI or even 
whole brain radiotherapy (31). Moreover, as prognoses 
improves, the benefits of avoiding early radiation to the 
entire brain in terms of cognitive function and QOL may 
increasingly favor a strategy of MRI surveillance and early 
salvage radiation therapy as needed. These hypotheses 
clearly need prospective investigations.

Toxicity and risk mitigation of PCI

Overall, the deleterious effects of PCI vs. observation on 
cognitive outcomes in patients with ES-SCLC have been 
poorly characterized. Initial data from earlier trials using 
insensitive screening metrics were unable to measure 
significant differences in cognitive outcomes between patients 
treated with PCI vs. observation (14,32). One explanation 
for this finding is that the competing risks of neurocognitive 
sequalae from systemic therapies and high rate of brain 
metastases in patients who do not receive PCI. Other studies 
of PCI have reported worse cognitive outcomes in patients 
treated with PCI using more sensitive screening metrics 
and neuroimaging (33-35). In a notable pooled analysis of 
the RTOG 0212 (lower vs. higher dose PCI for SCLC) 
and RTOG 0214 (PCI vs. observation for NSCLC) trials, 
PCI was associated with increased tested and self-reported 
cognitive toxicity at 6 and 12 months (32). However, it is 
critical to note that this analysis excluded patients who had 
developed brain metastases, potentially biasing the results 
in favor of the no-PCI cohort by censoring patients in the 
no-PCI cohort who may have experienced cognitive decline 
due to brain metastases that PCI is designed to prevent.  
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The toxicity of PCI has now become more elucidated, 
owing to the contemporary use of patient reported outcome 
measures and the use of formal neuropsychological surveys 
in recent studies. Advances in brain imaging have also helped 
characterize distinct patterns that are associated with PCI 
and decline in neurocognitive function (35,36).

As we look at the modern era of PCI for ES-SCLC, the 
questions that remain are bolstered by clinical advances that 
reduce the risks of neurocognitive toxicity associated with 
radiation through new strategies such as dose de-escalation, 
radioprotective pharmacological agents, and hippocampal 
avoidance treatment planning techniques. It has now been 
almost two decades since the randomized RTOG 0212 trial 
demonstrated decreased neurotoxicity with the use of 25 Gy 
instead of 36 Gy (37). The randomized phase III RTOG 
0614 trial has since showed improved neurocognitive 
functioning with the use of memantine during whole brain 
radiation therapy, a drug that was initially approved by 
the FDA in 2003 that is believed to reduce the effects of 
excitotoxic glutamate release in the brain (38). And more 
recently, the randomized NRG CC001 trial of memantine 
and standard WBRT vs. WBRT with avoidance of the 
hippocampus, a limbic system structure critical to memory 
formation, demonstrated improved cognitive preservation 
and decreased symptoms interference in patients treated 
with hippocampal avoidance (39-41). The NRG CC003 is 
a phase II/III randomized trial of PCI in SCLC with and 
without hippocampal avoidance that is currently ongoing. 
The phase II portion of NRG CC003 was designed to 
determine whether the 12-month intracranial relapse with 
HA-PCI was non-inferior to standard PCI, and the ongoing 
phase III component is designed to determine whether 
HA-PCI can reduce the likelihood of 6-month cognitive 
deterioration on the Hopkins Verbal Learning Test-Revised 
(HVLT-R). Of note, prior smaller randomized trials of PCI 
vs. HA-PCI have returned conflicting results regarding the 
cognitive impact of HA-PCI (42,43).

New phase III trial and future directions

As we move into a future for ES-SCLC that includes 
ICI, new studies are underway to better understand the 
role of PCI for both LS and ES-SCLC in the era of 
MRI surveillance and early salvage radiation therapy. 
This includes SWOG 1827, “MRI brain surveillance 
alone versus MRI surveillance and prophylactic cranial 
irradiation: a randomized phase III trial in small-cell lung 
cancer (MAVERICK)” which was activated in early 2020 

with a planned enrollment of 600 patients with either 
LS-SCLC or ES-SCLC. The primary endpoint of the 
MAVERICK study tests the hypothesis that a strategy of 
MRI surveillance alone, allowing for early salvage radiation 
therapy in patients who develop brain metastases, can offer 
non-inferior OS when compared to MRI surveillance plus 
PCI. Key secondary endpoints will assess whether MRI 
surveillance alone is associated with improved cognitive 
preservation and quality of life, as well as the effect of PCI 
on OS in the subgroups with LS-SCLC or ES-SCLC. Pre-
randomization strata includes: (I) LS vs. ES disease, (II) 
planned ICI or not, and (III) performance status 0–1 vs. 2. 
Importantly, stratification by ICI delivery should allow for 
rigorous analyses of the relative benefits and interaction of 
PCI and ICI. Given the importance of the PCI question 
to the majority of SCLC patients without brain metastases 
at diagnosis, MAVERICK is a pragmatic trial designed 
to minimize barriers to accrual allowing varying and 
evolving SCLC practice patterns including immunotherapy, 
consolidative thoracic radiation for ES-SCLC, HA-PCI, 
memantine, and salvage therapies including WBRT, HA-
WBRT, and SRS at the discretion of the treating physician. 
This trial is supported by a recent patterns of care survey 
amongst 487 radiation oncologists which reported that 
routine recommendation for PCI in ES-SCLC had dropped 
from 72% to 44% following the Japanese trial, and that 
82% of respondents would be willing to enroll patients 
with either LS and/or ES SCLC on a trial comparing MRI 
surveillance with and without PCI (42-44). An important 
design feature of the MAVERICK trial is the pre-
randomization stratification by LS-SCLC and ES-SCLC 
which will ensure balance between the arms while allowing 
investigators to enroll the patients with the stage of SCLC 
for which they have equipoise on the PCI question (i.e., 
LS-SCLC, ES-SCLC, or both). The results from this trial 
will ultimately address many of the controversial questions 
that have generated equipoise regarding the role of PCI in 
ES-SCLC, and hopefully help define the role of PCI for 
LS-SCLC and ES-SCLC in the modern era of ICI and 
opportunity to manage with MRI surveillance and early 
salvage radiation therapy.

Conclusions

PCI clearly reduces the rates of brain metastases, but at 
potential costs to cognitive function and QOL. While 
landmark meta-analyses and randomized trials have 
demonstrated improved OS with PCI (1,15) the benefit of 



6231Journal of Thoracic Disease, Vol 12, No 10 October 2020

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(10):6225-6233 | http://dx.doi.org/10.21037/jtd.2020.03.80

PCI for ES-SCLC in the modern era of MRI surveillance 
and early salvage therapy was recently challenged by the 
Japanese randomized trial (2). Re-evaluating the role 
of PCI in the modern era is essential as various SCLC 
practice evolutions including routine MRI surveillance (45) 
emerging ICI agents, and growing interest in cognitive 
mitigation strategies including hippocampal-avoidance 
and radiosurgery can all shift the therapeutic ratio of PCI 
in the modern era (46-49). While the results of the phase 
III MAVERICK trial are awaited, it remains appropriate to 
consider PCI in patients with ES-SCLC on an individual basis 
after the risks and benefits are discussed including the need for 
adherence to routine MRI surveillance if PCI is omitted.
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