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Editorial

Case closed: another prophylactic cranial irradiation trial for stage 
3 non-small cell lung cancer fails to improve overall survival
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In a recent study published by De Ruysscher et al. (1), the 
use of prophylactic cranial irradiation (PCI) significantly 
reduced the rate of symptomatic brain metastasis 
development in patients with stage 3 non-small-cell 
lung cancer (NSCLC) at 2 years. Patients with WHO 
performance status 0–2 undergoing chemoradiotherapy 
with or without surgery for their stage 3 disease were 
randomized to an observation arm or a treatment arm 
that underwent PCI (36 Gy in 18 fractions, 30 Gy in  
12 fractions, or 30 Gy in 10 fractions). Symptomatic brain 
metastases occurred at 2 years in 27.2% in the observed 
patients and 7.0% in the treated patients for a number 
needed to treat of 4.95 to prevent a case of symptomatic 
brain metastasis. The intervention improved time to 
develop symptomatic brain metastases, but not brain 
metastasis-free survival or, importantly, overall survival (OS). 
More patients in the intervention arm developed neurologic 
toxicity, most significantly complaining of grade 1 and  
2 headaches, cognitive changes (19% with PCI, 3% 
without) and memory difficulties (30% with PCI, 8% 
without); the latter two changes persisted well beyond the 
2-year primary endpoint. 

These results lead us to ask: after multiple studies, why 
hasn’t PCI led to meaningful changes in OS, and how 
should we weigh the demonstrated neurocognitive effects if 
recommending this palliative treatment to patients?

Brain metastases are an unfortunately common 
complication of Stage 3 NSCLC, occurring in about 
30% of patients at 2 years (2). Because CNS progression 

portends high mortality (3) and reductions in quality of 
life (4), there remains strong interest in preventing brain 
metastases. In small-cell lung cancer (SCLC), low dose PCI 
has been found to improve OS and is considered standard of 
care (5). But as De Ruysscher et al. point out, study of PCI 
for NSCLC has consistently shown a lack of impact on OS 
(Table 1), including in systematic review (13) and at 10-year 
follow-up (14). Moreover, all of the studies investigating 
this question closed early due to poor accrual; difficulty 
recruiting patients in trials studying whole brain radiation 
therapy (WBRT) has been previously observed, thought to 
be due to existing clinician and patient preference against 
the treatment (15).

There may be several reasons for the continued lack 
of an identifiable effect on OS for patients with stage 3 
NSCLC treated with PCI.

The first may be due to changing rates of brain metastasis 
in stage 3 NSCLC. While prior studies have reported rates 
of intracranial metastasis at 30% for stage 3 NSCLC at  
2 years, it appears that baseline may be lower today. In the 
PACIFIC trial (PD-L1 inhibitor vs. placebo for stage 3 
NSCLC), the rates of brain metastases were observed to 
be 11.8% in the placebo arm and 6.3% in the treatment 
arm at median follow-up of 25.2 months (16). Both of these 
numbers are well under what has been previously reported. 
It is also possible that a larger proportion of high-risk 
patients undergo intracranial screening MRI for metastasis, 
leading to earlier identification of lesions and “upstaging” of 
patients who would previously have been classified as having 
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stage 3 disease. In other words, the population of patients 
diagnosed today with stage 3 NSCLC may be lower risk for 
metastasis overall. 

Additionally, newer therapies for NSCLC, including 
next-generation tyrosine kinase inhibitors (TKIs) and small 
molecules like pemetrexed, have clinically meaningful CNS 
penetration. The FLAURA trial evaluating the impact of 
osimertinib, a third-generation epidermal growth factor 
receptor (EGFR) TKI, in advanced NSCLC showed 
development of CNS progression at 6% on treatment vs. 
15% with a standard EGFR-TKI (17). In a phase three 
study of alectinib, a third-generation anaplastic lymphoma 
kinase (ALK) inhibitor, 12-month cumulative incidence 
of CNS progression was 9.4% compared to 41.4% with 
crizotinib (18). There is also prospective evidence that 
brigatinib, a fourth-generation ALK inhibitor with EGFR-
inhibiting properties, has superior CNS penetration with 
an observed 67% intracranial progression-free survival 

probability at one year compared to 21% for crizotinib, a 
first-generation ALK inhibitor (19). The trend in NSCLC 
drug development has been toward better CNS penetration 
with lower toxicity. Some of these CNS-active drugs, like 
PD-1 antibody durvalumab, are also being used in earlier 
stage disease; as newer therapies emerge it is likely that 
we will continue to see improved CNS efficacy, lower 
toxicity, and potentially, a delay in the development of brain 
metastases.

The study from De Ruysscher et al., like many other 
PCI studies, was only able to accrue a little over half of the 
planned number of patients, with a large number of patients 
declining to add PCI to their treatment. It is possible this 
is due to rising concern for the neurologic impacts of PCI 
amongst both patients and providers. Personality changes, 
memory difficulty, worsening gait, motor dysfunction, 
and even urinary incontinence are well-described long-
term side effects of exposing the entire brain to radiation. 

Table 1 Landmark studies evaluating overall survival benefit for prophylactic cranial irradiation

Study Year
NSCLC stage 
of patients

Number 
of 
patients

OS advantage (PCI vs. 
observation)

CNS-PFS advantage 
(PCI vs. observation)

Neuro-cognitive outcome 
(NCO)

Supports use of 
PCI to lengthen 
OS?

RTOG  
0214 (6)

2011 IIIA and IIIB 340 1-year follow-up: 
75.6% vs. 76.9% (NS)

1-year follow-up: 
7.7% vs. 18.0% (sig. 
P=0.004)

1-year follow-up: (I) MMSE: 
NS; (II) ADLS: NS; (III) HVLT: (i) 
immediate recall deterioration 
26% vs. 3% (P=0.03); (ii) 
delayed recall deterioration 
32% vs. 5% (P=0.008)

No

10-year follow-up: 
17.6% vs. 13.3% (NS)

10-year follow-up: 
insufficient data

Pöttgen  
et al. (7)

2007 IIIA 112 5-year follow-up: 16% 
vs. 18% (NS)

2-year follow-up: 
7.8% vs. 22.8 % 
(95% CI 15.7-53.7%)

Series of neuropsychiatric 
tests completed in only  
11 patients. NS difference

No

Li et al. (8) 2015 IIIA-N2 156 31.2 vs. 27.4 mo (NS) 5-year follow-up: 
20.3% vs. 49.9% 
(P<0.001)

No dedicated NCO testing No

RTOG  
84-03 (9)

1991 Adeno 
confined to 
chest

187 8.4 vs. 8.1 mo (NS) Overall Incidence 9% 
vs. 19% (NS) 

No NCO No

VALG (10) 1981 Inoperable 
NSCLC

281 35.4 vs. 41.4 weeks 
(NS) 

6% vs. 13% 
(P=0.038)

No NCO No

SWOG (11) 1990 III inoperable 254 7.9 vs. 11.5 mo 
(P=0.01 favoring no 
PCI)

1% vs. 11% 
(P=0.003)

No NCO No

Umsawasdi 
et al. (12)

1984 13% I/II; 87% 
III

97 3-year follow-up: 
22% vs. 23.5% (no 
statistical analysis)

4% vs. 23% (P=0.2) No NCO No

MMSE, Folstein Mini-Mental Status Exam; ADLS, Activities of Daily Living Scale; NS, not significant; HVLT, Hopkins Verbal Learning Test; 
NSCLC, non-small-cell lung cancer; CNS, central nervous system; PFS, progression-free survival; PCI, prophylactic cranial irradiation.
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A recent small study of long-term SCLC survivors who 
received PCI demonstrated worsened cognitive outcomes at 
6 and 12 months compared to patients who underwent MRI 
surveillance (20). Twenty-five percent of PCI patients in this 
study also developed gait disturbances, while no patients in 
the MRI surveillance group did. 

It is worth noting that only one of the major PCI studies 
in NSCLC (Table 1) includes in-depth neuro-cognitive 
batteries for a large portion of the participants and it also 
demonstrated worse cognitive outcomes in the PCI group. 
Other studies [including Yamamoto et al. (21)] may rely 
solely on the Mini Mental State Examination (MMSE), 
which is a screening test that often only identifies severely 
affected patients and has demonstrated poor sensitivity in 
patients with brain tumors (22,23).

In the De Ruysscher study, patients in the intervention 
arm had neurologic adverse events at a higher rate 
than those in the observation group, including some 
symptoms which ultimately make the primary endpoint 
of symptomatic brain metastasis clinically relevant. 
“Symptomatic,” for the purposes of the study, was defined 
as the development of associated “signs of increased 
intracranial pressure, headache, nausea and vomiting, 
cognitive or affective disturbances, seizures, and focal 
neurologic symptoms.” Patients receiving PCI were more 
likely to have headaches, nausea, vomiting, cognitive 
disturbances, memory impairment, and even seizures. In 
other words, the intervention of PCI actually tended to 
increase the frequency of neurologic symptoms: in this 
study, brain metastases were shown to be less symptomatic 
than radiation-related changes in both the short- and long-
term. Therefore, neurologic effects of PCI should be 
carefully measured against the limited benefit of preventing 
brain metastases. 

The advent of stereotactic radiosurgery (SRS) may 
also play a role in decreasing the use of PCI. SRS allows 
clinicians to avoid WBRT as salvage treatment for patients 
who ultimately develop brain metastases. A recent study 
demonstrated that survival from the treatment of up to  
10 brain metastases with SRS is non-inferior to those in 
the treatment of just one, while preserving the MMSE 
score (21). At our institution, due to the lack of data 
supporting PCI for OS and ready access to SRS, we do not 
regularly recommend that patients with stage 3 NSCLC 
undergo PCI. We instead recommend MRI surveillance 
and treatment with SRS on as-needed basis. This approach 
is supported by the recent retrospective data published by 
Mamesaya et al., that showed no difference in OS in SCLC 

patients with limited disease and a negative baseline brain 
MRI who received PCI versus those followed with MRI 
surveillance (24). 

We recognize that our comfort with surveillance over 
PCI may be heavily influenced by our access to MRI and 
SRS. A recent JNCCN article surveying the use of SRS for 
the four most common cancers to cause brain metastases 
(breast, lung, melanoma, colorectal) reported that as late 
as 2014 only 50% of radiation facilities reported using 
SRS, and that one of the most important predictive factors 
for SRS use is SRS on-site availability (25). While our 
institution was an early adopter of SRS, and SRS to greater 
than 3 metastases, it is worth noting that the approaches 
to WBRT continue to evolve; a new study on WBRT that 
spares the hippocampi, given concurrently with memantine, 
demonstrated that hippocampal avoidance may delay 
neurocognitive failure (26). These techniques may help 
reduce toxicity from treatment, improving the tolerability 
for patients; however, we would not predict PCI with 
hippocampal sparing to be superior to MRI surveillance 
with SRS in patients with stage 3 disease. Furthermore, 
we would not advocate for further study of PCI in stage 3 
NSCLC without careful consideration of the contemporary 
overall risk that brain metastases pose in this population.

In summary, the results from De Ruysscher et al. confirm 
the findings of multiple previous studies using PCI in 
NSCLC: prevention of brain metastases with PCI in this 
population does not mean better OS and, in patients with 
access to MRI surveillance, may swap the development of 
minimally symptomatic brain metastases for the neuro-
cognitive burden of irradiating the entire brain. We believe 
strongly that future research in PCI, WBRT, SRS, and 
systemic therapies intended to treat brain metastases should 
include neurocognitive and quality-of-life outcomes, 
and that these should be weighed against the increased 
neurologic symptom burden from radiotherapy.
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