
Abstract. Background: The use of prophylactic cranial
irradiation (PCI) to treat brain metastases (BM) in non-small
cell lung cancer (NSCLC) is restricted due to the potential
associated toxicity and lack of survival benefit. BM can have
a negative impact on neurocognitive function (NF) and quality
of life (QOL). The aim of this review was to assess the impact
of PCI on disease-specific and NF and QOL outcomes.
Materials and Methods: An electronic database literature
search was completed to identify relevant studies. Results:
Fourteen published articles were included. PCI significantly
reduced the incidence of BM, but no significant survival
advantage was found. NF decline was reported in one trial.
No significant difference in QOL with PCI was reported. PCI
was well tolerated by the majority of patients with NSCLC and
associated with a relatively low toxicity. Conclusion: PCI
reduces the incidence of BM without any significant survival
advantage. PCI has the potential to be beneficial in practice
for certain patients with locally advanced NSCLC, based on
disease factors and patient preference.

Prophylactic cranial irradiation (PCI) is a technique that
delivers radiation therapy (RT) to the whole brain to prevent
the occurrence of brain metastases (BM) in aggressive cancer
types that commonly metastasise to the brain (1). The
rationale behind PCI is to eliminate undetectable
micrometastases before they become clinically apparent (1).

According to the American Cancer Society, about 85-95% of
all lung cancer cases are non-small cell lung cancer
(NSCLC) (2). The brain is the first site of metastases for up
to 30% of these patients (3), with 60% of BM occurring in
the first 6 months (4). With modern advances in the
management of NSCLC, the risk of developing BM
increases as survival is prolonged (5). The reported incidence
of BM from NSCLC ranges from 17% to 54%, with younger
patients, those with locally advanced-stage disease,
adenocarcinoma and large cell types at the higher end of this
range of incidence (4, 6-9). BM are associated with high
morbidity, poor prognosis (10) and neurocognitive and
quality of life (QOL) deficits (10-12). 

Patients with small cell lung cancer derive an overall (OS)
and BM-free survival benefit from PCI (13). PCI for patients
with NSCLC is not widely used due to the lack of established
evidence for OS benefit and the potential for neurological
toxicity post RT. PCI for NSCLC may not have an impact on
OS or disease-free survival (DFS) but it has been shown to
reduce the incidence of BM (11, 14-19), therefore it is a matter
of debate if these patients benefit from PCI.

Late cognitive toxicities are suggested to be associated
with PCI and these may be a factor in the prescribing of this
treatment. The Radiation Therapy Oncology Group trial
(RTOG)-0214 reported a significant decline in memory at 
1 year with PCI use (20). Neurocognitive function (NF)
decline may occur as a direct result of vascular injury,
demyelination or radionecrosis (20). 

This review aimed to investigate published literature on
the use of PCI in patients with NSCLC to assess the impact
of PCI on disease-specific outcomes and report the effects of
PCI on NF and QOL outcomes.

Materials and Methods 
To ensure all appropriate studies were included in this review, a
systematic approach was used for searching and selecting relevant
publications. As the technique for treating PCI has remained
relatively unchanged over the years, the start date of January 1980
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was selected. A primary search of the online databases of PubMed,
Science Direct and EMBASE was carried out using the timeframe
of January 1980 to Nov 2016. The following search terms and
strategy were used:
(prophylactic cranial irradiation OR PCI OR cranial irradiation OR
whole-brain radiation therapy OR WBRT) 
AND (non small cell lung cancer OR NSCLC) 
AND (brain metastases OR intracranial metastases OR brain
secondaries) AND (toxicity OR neurocognitive function OR quality
of life OR overall survival OR disease free survival OR median
survival OR survival)

All publications identified from this search were assessed using
the title and abstract for relevance based on the inclusion and
exclusion criteria and duplicated publications were removed. Studies
investigating all stages of NSCLC, all ages and performance status
were included. Only articles reporting on randomised controlled
trials (RCTs), nonrandomised prospective trials and retrospective
studies were included. Different dose-fractionation schedules were
also included. Studies investigating treatment for diagnosed BM,
those not in English and those with an abstract only were excluded.
A secondary search was conducted on the reference list of relevant
articles to identify any additional literature. The data were extracted
and tabulated for all eligible studies.

The outcomes measured were divided into disease-specific
outcomes: incidence of BM (time-specific points and other), OS, DFS
and median survival; and patient-related outcomes: NF and QOL. The
QOL and NF assessment tools used in the studies varied widely.

Results 

Fourteen articles (n=1,838) were included in this review. The
literature search identified six RCTs (14-18, 21, 22) and six
retrospective or non-randomised prospective trials
investigating survival benefits and the incidence of BM of PCI
in patients with NSCLC (7, 8, 11, 16, 19, 23) (Table I). Five
articles assessed the effects of PCI on NF and QOL (11, 12,
16, 18, 20) (Table II). Gore et al. (14) and Sun et al. (20) both
reported on analysis from the RTOG 0214 trial. The
publication of the studies ranged from 1981 to 2014. The
majority of articles used a prescription totalling 30 Gy to the
whole brain (n=10. 71%), with the remainder using 20 Gy
(n=1), 36Gy (n=2) or 37.5 Gy (n=1) (22). 

Disease-related outcomes. All studies investigating the
incidence of BM reported a decrease with the use of PCI and
seven studies reported this decrease as being statistically
significant (11, 14-18, 22) (Table I). The greatest difference
in the incidence rate of BM between PCI and observation
was seen in the trial by Stuschke et al. (11) (incidence rate
of BM at 4 years 13% vs. 54%, respectively; p=0.0004). 

Five out of the six RCTs reported a significant decrease in
BM incidence (14, 15, 17, 18, 22). A reduction in BM was seen
following PCI in the Veterans Administration Lung Group
(VALG) trial (6% vs. 13%; p=0.038) (17) and the MD
Anderson Cancer Center (MDACC) trial (4% vs. 23%;
p=0.002) (15). These trials also reported on factors that affect

outcomes of PCI, with multivariate analysis demonstrating a
beneficial effect of PCI in patients with a good performance
status and stage III diagnosis (15). The VALG trial identified
that PCI was significantly more effective at reducing BM in
patients with the adenocarcinoma subtype of NSCLC (17).
Although no significant decrease in incidence was reported, the
development of BM was shown to be delayed according to the
RTOG 84-03 trial (21). The more recent RTOG-0214 trial (14)
demonstrated a significant decrease in the risk of BM in
patients with locally advanced NSCLC. Several other
nonrandomised/retrospective studies demonstrated a significant
benefit in a reduction of incidence of BM (11, 16, 19).

Four out of the six RTCs analysed survival benefit; three
reported no significant survival advantage for PCI over
observation (14, 17, 18). Li et al. reported PCI significantly
lengthened DFS when compared with the control group, with
a median DFS of 28.5 versus 21.2 months (18). The VALG
reported a median survival advantage for the observation
group, 35.4 months, versus 41.4 months for those treated
with PCI; this difference was not significant. The Southwest
Oncology Group (SWOG) study was the only trial to report
a significant reduction in medial survival with PCI treatment
(8 vs. 11 months, p=0.004) (22). An MDACC trial reported
the 3-year survival in the PCI-treated and control groups as
22% and 23.5%, respectively, but no statistical analysis of
this data was recorded (15). The largest RTC reported no
significant increase in DFS for patients with NSCLC after
PCI; DFS rates reported at 1 year were 56.4% and 51.2% for
the PCI and observation arms, respectively (p=0.11) (14). A
retrospective review by Jacobs et al. also demonstrated no
survival benefit with the use of PCI (19). 

Neurocognitive function and quality of life. The most recent
RTOG 0214 reported a significant decline in memory
(immediate and delayed recall) at 1 year for patients treated
with PCI, based on the Hopkins Verbal Learning Test (20).
Gawkowska-Suwińska et al. investigated a group of 50
patients treated with PCI for NSCLC and reported a
statistically significant decline in verbal IQ and visual-motor
function pre and post PCI but  no difference in NF (12).
Pottgen et al. identified a slight decrease in NF for both the
PCI-treated and the observation group when compared with
a matched population (16) Stuschke et al. also identified
impairments in attention and visual memory in all long-term
survivors from NSCLC, not just the patients treated with
PCI; these impairments did not interfere with daily life
functioning (11). 

Neuropsychology testing showed similar impairments in
attention and visual memory in the PCI and non-PCI groups
(11). Extensive NF testing was performed on 11 long-term
survivors of NSCLC, with no statistically significant
difference being found between patients (16). Magnetic
resonance imaging (MRI) was performed on 10 of these
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patients; four patients presented with leukoencephalopathy
(3 treated with PCI  and one not treated with PCI, p=0.2)
(16). Stuschke et al. also recorded higher grade white matter
abnormalities in patients who received PCI compared with
those who did not (11). The trial by Gawkowska-Suwińska
et al. showed no significant changes in serum testosterone
levels (Wilcoxon test; p=0.062)  as an indicator of pituitary
function following PCI, (12). 

The RTOG 84-03 and MDACC trials did not specifically
analyse NF and QOL but reported no late complications of
PCI (15, 21), nor did the SWOG trial, which stated there was
no excessive neurological toxicity with PCI although the
definition of neurological toxicity was not reported (22).

The RTOG 0214 trial found no statistically significant
difference at 6 or 12 months from baseline for any QOL
components on the QLQ-C30 or QLQ-BN20 questionnaire
for patients treated with PCI (20). Li et al. also reported that
no significant differences were noted in deterioration rate for
QOL and symptoms between the PCI and observation
groups, as assessed by functional assessment of cancer
therapy-lung (FACT-L) total score, FACT- L trial outcome
index and FACT-lung cancer scale (18).

Discussion 

Improvements in RT techniques and systemic treatments
have resulted in improved survival for patients with NSCLC,
however, the risk of developing BM increases as survival is
prolonged, with the brain as the most frequent site of initial
treatment failure (5, 24). This review shows that PCI can
improve disease-related outcomes without significantly
compromising NF and QOL. Seven out of the 10 trials that
analysed BM incidence showed a significant reduction in
BM following PCI (11, 14-18, 22), with another reporting a
borderline significant reduction (19). A challenge when
comparing the published data on BM incidence was the lack
of consistency in reporting time-specific endpoints. In a
recent RCT, patients with stage IIIA–N2 NSCLC were
assigned to observation or PCI. A significant reduction in the
risk of BM following PCI at 5 years (20.3% vs. 49.9%;
p<0.001) was reported, however, this trial closed
prematurely due to a low accrual rate (18) and results should
be interpreted with caution. This low accrual may be linked
to the inclusion criteria which selected patients with stage
IIIA/B post radical treatment with stable disease or
partial/completed response. Treatment had to be completed
with 16 weeks of study enrolment. These criteria may have
inadvertently led to selecting patients with a low risk of BM,
as 60% of BM occur in the first 6 months after treatment (4)
and may have resulted in a small sample population. The
RTOG 0214 and MDACC trials demonstrated that PCI
significantly reduced the risk of BM for patients with stage
III when compared with earlier stages of disease (14, 15).

This is line with evidence that incidence of BM is more
common in those with stage III (9) and node-positive N2-3
disease (5, 19, 24), highlighting that PCI has a role in this
cohort with locally advanced disease. Histology has also
emerged as a factor for patient selection; PCI was more
effective at reducing BM in patients with the
adenocarcinoma subtype (17) when compares to those with
squamous cell subtype; this is to be expected as BM are
more common in the adenocarcinoma subtype.

The RTOG 84-03 trial was the only RCT not to
demonstrate a significant reduction in the incidence of BM
but it did identify a delay in the progression of BM,
favouring PCI (9% vs. 19%) (21). Based on the findings in
this review it is clear that PCI can reduce the incidence of
BM and it is reasonable to assume that this reduction may
have a positive impact on patient QOL and morbidity.

According to the trials, there was no increase in OS for
patients following PCI (13, 16, 18, 21, 23). The only RCT
to demonstrate any positive benefit from PCI was that by Li
et al., where DFS was significantly lengthened with PCI
when compared with the control group and the median OS
was marginally but not significantly improved in the PCI
arm (18). The other RCT that investigated DFS showed no
significant increase in DFS for similar patients with stage III
disease (14). There was a trend towards better DFS with PCI
at 3 months but this may have been due to more patients
developing BM in the observation arm at 1 year. Both of
these recent studies closed early due to poor accrual, with
half as many patients being assessed in the trial by Li et al.
versus the RTOG trial, thus making it very difficult to draw
a firm conclusion to the question of survival benefit. DFS
should be an end-point in further trials to aid with future
patient decision-making.

Only the SWOG trial demonstrated a significantly reduced
median survival with PCI, however, unlike the other trials,
PCI was administered concurrently with thoracic RT and it
used the highest PCI dose (37.5 Gy/15 fractions). The
resultant toxicity may have been a factor in this negative
survival outcome. There are points of concern in all six RTCs.
In the four older trials, the thoracic doses used would not be
considered appropriate by current-day standards; this may
have resulted in poor locoregional and extracranial control;
also, in some cases, the trial was not correctly powered for
the study aims. Current evidence-based multimodality
treatment may improve local control, prolonging survival, and
this may allow for the survival benefit of PCI to become
apparent, however, the two most recent RCTs closed early
due to poor accrual, leaving the question of survival benefit
for current patients with NSCLC unanswered.

By the nature of this disease, those patients who had their
BM controlled with PCI are the most likely group to present
with relapse at another site as the presence of brain
micrometastases is strongly associated with disseminated
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Table I. Incidence of brain metastasis (BM), median survival, outcomes and conclusions of the included studies.

Author,                                         Patients,                         Dose            Incidence of BM          Median survival                        Outcome/
Year, (Ref)                                     disease                                               (PCI vs. no-PCI)          (PCI vs. no-PCI)                        conclusion

Randomised controlled trials

RTOG 0214 Gore          n=340. Locally advanced        30 Gy/15         7.7% vs. 18.0%              25.8 vs. 24.8          •  Decrease in risk of BM
et al. (2010) (14)                        (stage III)                        fr/3 w         (p=0.004) at 1 year        months (p=0.86)        •  No OS or DFS improvement
                                                                                                                                                                                           •  Closed early due to low accrual
VALG trial Cox               n=281. Males, all lung          20 Gy/10            6% vs. 13%                 35.4 vs. 41.4          •  PCI significantly reduced the
et al. (1981) (17)                         cell types                        fr/2 w                 (p=0.038)                 months (p=0.5)            incidence of brain metastases, 
                                                                                                                                                                                              with a greater benefit in the a
                                                                                                                                                                                              denocarcinoma subtype
                                                                                                                                                                                           •  No significant improvement
                                                                                                                                                                                             in median survival 

MDACC trial                  n=97. Locally advanced            30 Gy/               4% vs. 23%               3-Year survival:        •  Reduction in risk of BM
Umsawasdi et al.                                                              10 fr/2 w             (p=0.002)                 22% vs. 23.5%         •  No statistical analysis 
(1984) (15)                                                                                                                                                                            of survival data
                                                                                                                                                                                           •  Beneficial effects against BM 
                                                                                                                                                                                              were significant in good 
                                                                                                                                                                                              performance status, 
                                                                                                                                                                                              squamous cell type
RTOG 8403                    n=187. Adenocarcinoma           30 Gy/              9% vs. 19%            8.4 vs. 8.1 months      •  No difference in OS
Russell et al.                           and large cell                  10 fr/2 w               (p=0.10)                                                    •  No decrease in incidence of 
(1991) (21)                                                                                                                                                                           BMs but their development 
                                                                                                                                                                                              was delayed
                                                                                                                                                                                           •  n=161 inoperable 
Li et al.                                  n=156 Resected                 30 Gy/          20.3% vs. 49.9%      31.2 vs. 27.4 months    •  PCI significantly prolongs DFS 
(2014) (18)                              stage IIIA-N2                  10 fr/2 w      (p<0.001) at 5 years             (p=0.310)                (PCI: 28.5 vs. Control: 21.2 
                                                                                                                                                                                              months) and significantly 
                                                                                                                                                                                              decreases incidence of BM 
                                                                                                                                                                                           •  Main toxicities: headache, 
                                                                                                                                                                                              nausea and fatigue
                                                                                                                                                                                           •  Toxicities were mild
                                                                                                                                                                                           •  Closed early due to low accrual 
SWOG Miller                                n=254                       37.5 Gy/15          1% vs. 11%              8 vs. 11 months        •  Significant reduction in 
et al.(1998) (22)                                                            fr/3w (n=34)          (p=0.003)                     (p=0.004)                incidence of BM
                                                                                    30 Gy/10 fr/2 w                                                                           •  Significant reduction in median 
                                                                                                                                                                                              survival with PCI
                                                                                                                                                                                           •  No excessive neurological 
                                                                                                                                                                                              toxicity with PCI observed 
                                                                                                                                                                                              but the definition of neuro-
                                                                                                                                                                                              logical toxicity not stated

Retrospective and nonrandomised prospective trials

Jacobs et al.                       n=78. Stage II & III              30 Gy/              5% vs. 24%          17.4 vs. 16.9 months    •  Reduction of BM with PCI
(1987) (19)                             adenocarcinoma                15 fr/3 w               (p=0.06)                        (p=0.6)               •  Risk of developing BM is 
                                                                                                                                                                                              significantly increased in 
                                                                                                                                                                                              patients with N1 or N2 disease
                                                                                                                                                                                           •  n=20 received PCI
Stuschke et al.                        n=75. Locally                   30 Gy/             13% vs. 54%                Not reported           •  Higher grades of white matter 
(1999) (11)                                   advanced                      15 fr/3 w             (p=0.0004)                                                     abnormalities with PCI
                                                                                                                                                                                           •  PCI was especially beneficial 
                                                                                                                                                                                              in a good-prognosis subgroup 
                                                                                                                                                                                              (responders to induction chemo)
                                                                                                                                                                                           •  Use of PCI supported
Skarin et al.                           n=41. Stage III                   36 Gy/             14% vs. 26%                 Not reported           •  n=7 received PCI
(1989) (23)                                                                      18 fr/3.5 w                                                                                •  No further details provided 
                                                                                                                                                                                              on PCI benefits 

Table I. Continued
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Table I. Continued

Author,                                         Patients,                         Dose            Incidence of BM          Median survival                        Outcome/
Year, (Ref)                                     disease                                               (PCI vs. no-PCI)          (PCI vs. no-PCI)                        conclusion

Strauss et al.                         n=41. Stage IIIa                 30 Gy/               0% vs. 12%                  Not reported           •  n=13 received PCI
(1992) (8)                                non squamous                  15 fr/3 w                                                                                  •  No further details provided 
                                                                                                                                                                                              on PCI benefits 
Albain et al.                             n=126. Stage                    36 Gy/              8% vs. 16%                 Not reported           •  n=18 received PCI
(1995) (7)                                      IIIA N2                     18 fr/3.5 w              (p=0.44)                                                    •  No further details provided 
                                                                                                                                                                                              on PCI benefits 
Pöttgen et al.                       n=112. Stage IIIA                30 Gy/           9.1% vs. 27.2%              Not reported           •  PCI significantly reduced the 
(2007) (16)                                                                        15 fr/3 w      (p=0.04) at 5 years                                              probability of BM as first site of 
                                                                                                                                                                                              failure after tri-modality therapy
                                                                                                                                                                                           •  No difference in toxicity 
                                                                                                                                                                                              between arms
                                                                                                                                                                                           •  Slight decreased in neuro-
                                                                                                                                                                                              cognition in both arms

n: Number of participants; PCI: prophylactic cranial irradiation; BM: brain metastases; fr: fractions; OS: overall survival; DFS: disease-free survival;
w: week. Significance accepted at p<0.05.

Table II. Summary of quality of life (QOL) and neurological function (NF) findings for the included studies.

Author, Year, Ref             Population                 Dose                        PCI impact on NF                                                     Outcomes/
                                                                                                             with/without QOL                                                     conclusions

Randomised controlled trials

RTOG 0214 Sun           n=340. Locally           30 Gy/            •   Significant decline in memory                •  Closed early with approximately a third 
et al. (2010) (20)       advanced (stage III)      15 fr/3 w              at 1 year for PCI patients                            of the required patients enrolled.
                                                                                                   •   No decrease in global cognitive 
                                                                                                       function or QOL at 1 year
Li et al.                        n=156. Resected          30 Gy/            •   No significant differences were              •  PCI acute toxicities included: headache
(2014) (18)                     stage IIIA-N2           10 fr/2 w              noted in QOL and symptoms                      in 27%, nausea or vomiting in 23%, 
                                                                                                       between the two groups, as assessed          fatigue in 22%, skin toxicity in 5% and 
                                                                                                       by FACT-L total score, FACT-L                 insomnia in 2%. The main late toxicities 
                                                                                                       TOI and the FACT- LCS.                             of the brain included: mild headache 
                                                                                                                                                                              or slight lethargy (22.2%), moderate 
                                                                                                                                                                              headache or great lethargy (11.1%) 
                                                                                                                                                                              and severe headaches (2.5%)

Retrospective and nonrandomised prospective trials

Pöttgen et al.              n=112. Stage IIIA         30 Gy/            •   No significant difference in NF              •  Results based on 11 long-term survivors 
(2007) (16)                                                        15 fr/3 w              between the two groups                            •  Slight decreased neuro-cognition in both 
                                                                                                                                                                              the PCI and observation groups when
                                                                                                                                                                              compared to normal population
Stuschke et al.                 n=75. Local              30 Gy/            •   Neuropsychologic testing revealed         •  Late toxicity to normal brain was 
(1999) (11)                          advanced               15 fr/3 w              impairments in attention and visual           acceptable
                                                                                                       memory in long-term survivors 
                                                                                                       of both PCI and observation arms
Gawkowska-                     n=50. Stage              30 Gy/            •   Slight but significant decrease in            •  13% Of patients reported late side effects
Suwińska et al.                    II & III                15 fr/3 w              Performance IQ with PCI                         •  Analysis of spectroscopic data showed 
(2014) (12)                                                                                 •   No significant difference in NF from         metabolic but reversible alterations 
                                                                                                       the pre-PCI assessment                               after PCI
                                                                                                                                                                          •  PCI was well tolerated and associated 
                                                                                                                                                                              with a relatively low toxicity

n: Number of participants; QOL: quality of life; NF: neurocognitive function; PCI: prophylactic cranial irradiation; fr:fractions; w: week; IQ:
intelligence quotient; FACT- L: functional assessment of cancer therapy: lung; TOI: trial outcome index; LCS: lung cancer scale.



disease. Therefore, the lack of OS benefit may be a result of
uncontrolled disease in the thorax or extracranial metastases.
This theory is supported by the MDACC trial (15), which
found that 12 out of 14 control patients had BM as first site
of relapse, while in the PCI-treated group, BM occurred only
after failure at other sites, suggesting that if extracranial sites
of relapse can be effectively managed then the development
of BM could be delayed allowing the survival benefit of PCI
to manifest itself. However, in the absence of an
appropriately powered RCT, this cannot be proven.

As with all RT treatments, there is a risk of toxicity. PCI can
be accompanied by early and late side-effects (25) which may
have an impact on QOL. The potential negative effects on NF
and QOL following PCI treatment are one argument against its
use. However, BM can also cause a decline in NF and QOL,
and lead to poorer prognosis (10-12, 26). Two trials reported
no late complications from PCI (15, 21); another reported that
late toxicity to the brain was acceptable (11) and a fourth stated
the risk of NF decline was low (18). Testosterone level as an
indicator of pituitary function were tested following PCI by one
trial. This study was the first estimation of endocrine changes
after PCI in the literature and no significant changes were
found (12). Only two RCTs (RTOG 0214 and that by Li et al.)
had set QOL and toxicity as study endpoints (18, 20). The
RTOG 0214 reported no decrease in QOL at 6 or 12 months
from baseline for patients treated with PCI (p>0.5) (20). This
finding was supported by the other RCT using different QOL
assessment tools (18). It must be noted that both of these
studies closed prior to their targeted accrual so their findings
may not be fully validated. By comparison, QOL after PCI in
small cell lung cancer also showed no significant difference in
QOL for the PCI-treated and observation arms (27, 28).

Early delayed symptoms present typically 6 months or
earlier after PCI and include somnolence syndrome, short-
term memory loss and acute leukoencephalopathy (29). Late
delayed complications are of the greatest concern as they
have the most impact on NF (29). PCI may cause toxicities
that can lead to a decline in NF. Several studies have
reported intellectual/NF impairment and abnormalities on
brain computed tomography (11, 12, 16, 20) which were
conceivably related to PCI but may also have been related to
the other treatment modalities used. 

The RTOG 0214 found a trend for greater decline in
patient-reported cognitive functioning and a significant
decline in memory (20). They also reported significantly
worse NF for the PCI-treated arm at 3 months but not at the
trial end point of 1 year. Other retrospective/nonrandomised
trials provide mixed results, with two studies demonstrating
that NF impairment was not exclusive to the PCI arm but
also identified in the observation arm, suggesting that these
changes are not a direct result of PCI alone (11, 16).

Three studies used MRI to evaluate physical changes to
the brain following PCI and revealed white matter

abnormalities of higher grades in patients who received PCI
(11, 12, 16). (16). Such damage to white matter is correlated
with neurocognitive dysfunction (30), however, based on the
RCTs in this review, this  neurocognitive dysfunction only
manifested as a significant memory loss in one study (20).
The literature suggests NF decline is not exclusive to patients
treated with PCI but is seen in all patients post multimodality
treatment for NSCLC and that some of the initial NF
changes are reversible over time.

With a shortened life-expectancy, QOL is an important
consideration in decision-making; PCI has the potential to
reduce QOL through toxicity following treatment. Li et al.
reported acute toxicity rates ranging from insomnia in 2% of
patients to 27% of patients reporting headache (18). PCI also
results in alopecia. Alopecia can be psychologically
damaging and lead to personal and social problems (31).
Patients who suffered from alopecia after PCI had a median
hair regrowth of 2.5 months (12). Interestingly, the main
reason for patient refusal to participate in the Gawkowska-
Suwińska et al. study was fear of alopecia. A study of PCI
for small cell lung cancer commented that decline in QOL
was specifically linked to hair-loss and fatigue (32);
therefore if PCI is implemented consideration of hair-loss
and fatigue management should be areas of focus. Other late
toxicities recorded include mild headache or slight lethargy
(22.2%), moderate headache or great lethargy (11.1%) and
severe headaches (2.5%) (18). Proposed solutions to alleviate
certain side-effects and further increase the tolerance of PCI
include RT techniques that spare the inner ear, pituitary
gland and hippocampus (12).

In the absence of a definitive answer from the  trials
included in this review, patient choice and shared decision-
making play an important role. A discrete choice experiment
by Lehman et al. found that 50% of patients with NSCLC,
when making hypothetical choices regarding PCI, would
accept PCI for no survival advantage long as there was no
change in memory or ability to self-care (33). They also
found that 90% of patients would accept PCI for a survival
benefit of more than 6 months; 52% of patients pre-treatment
(78% post-treatment) would have accepted PCI with no
survival benefit but for a reduction in BM. These results
verify that although survival improvement is most important
to patients, a reduction in BM incidence (especially after
treatment) is important for a significant proportion of
patients. Therefore, if patient preference is taken into
account, they may choose PCI despite the lack of evidence
for significant survival advantage. 

Drawing firm conclusions from the data in this review was
challenging due to the small number of trials, which often
included a heterogeneous patient population, treatment
regimes and PCI dose. In addition, some of the trials had low
patient numbers and two RCTs closing prematurely due to
poor accrual. 
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Conclusion 

PCI significantly reduces or delays the development of BM
in patients with NSCLC; but does not provide any significant
improvement in OS, and may cause memory loss. PCI was
associated with relatively low toxicity with no decrease in
QOL and was well tolerated by the majority of patients. An
appropriately powered RCT with a high-risk patient
population, homogenous primary treatments and PCI
protocol is needed to provide a definitive answer regarding
the role of PCI in patients with NSCLC. However, this
review provides evidence that certain patients with locally
advanced NSCLC are likely to benefit from PCI in terms of
reduction of BM. PCI has the potential to be implemented in
conjunction with modern local and systematic therapies,
based on patient and disease factors, and in a shared
decision-making setting.
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