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Small cell lung cancer and prophylactic cranial 
irradiation (PCI)

Small cell lung cancers (SCLC) account for about 15 
percent of all lung cancers and is associated with high 
recurrence rates and mortality even in the setting of optimal 
treatment. These cancers are clinically and pathologically 
very different from other lung cancers (1). Most of these 
tumors fall into the category of poorly differentiated 

neuroendocrine tumors, although a small subset is 
associated with absence of neural and endocrine properties. 
SCLC is distinguished from other lung cancers by its 
rapid doubling time and the early development of distant 
metastases. Many patients present with disseminated disease 
or develop metastatic disease soon after presentation, and 
hence the focus of treatment has been early initiation of 
systemic treatment. 
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Abstract: Small cell lung cancers (SCLC) are a group of cancers that are clinically and pathologically 
different from other lung cancers. They are associated with high recurrence rates and mortality, and 
many patients present with metastatic disease. Approximately ten percent of SCLC patients have brain 
metastases at time of diagnosis, and the cumulative incidence of brain metastases increases to more than 
fifty percent at two years, even with optimal treatment. Hence, in patients without brain metastases at 
presentation, prophylactic cranial irradiation (PCI) is an important component of treatment along with 
systemic chemotherapy and radiotherapy. The goal of PCI is to decrease the incidence of subsequent 
symptomatic brain metastases in patients who show an initial response to the systemic treatment. Various 
clinical trials have evaluated the utility of PCI and found substantial benefit. Unfortunately, the long-term 
toxicity associated with PCI, namely the neuro-cognitive impairment that may develop in patients as a result 
of the radiation toxicity to the hippocampal areas of the brain, has raised concern both for patients and 
their treating physicians. Various techniques have been tried to ameliorate the neuro-cognitive impairment 
associated with PCI, including pharmacological agents and highly conformal hippocampal avoidance 
radiation. All of these have shown promise, but there is a lack of clarity about the optimal way forward. 
Hippocampal avoidance PCI appears to be an excellent option and a number of groups are currently 
evaluating this technique. Although there is clear benefit with this specialized radiation treatment, there 
are also concerns about the risk of disease recurrence in the undertreated hippocampal areas. This review 
attempts to compile the available data regarding the benefits and pitfalls associated with hippocampal 
avoidance PCI in the setting of SCLC. 
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Patients presenting with SCLC are generally classified 
into those with limited stage disease (LS-SCLC) and 
extensive stage disease (ES-SCLC), although the American 
Joint Committee on Cancer (AJCC) and the International 
Association for the Study of Lung Cancer (IASLC) currently 
recommend the Tumor, Node, Metastasis (TNM) staging. 
LS-SCLC is defined as disease that is limited to the 
ipsilateral hemi-thorax and regional lymph nodes and which 
can be encompassed in a safe radiotherapy field. All other 
patients would be staged as ES-SCLC, and this forms the 
majority of SCLC patients. The patients with SCLC usually 
present with distant metastases including to other visceral 
organs and the brain. The current standard of care especially 
for LS-SCLC is combination chemotherapy (combination 
of a platinum agent and a topoisomerase inhibitor) with 
concurrent radiation treatment to the thoracic disease 
followed by PCI. ES-SCLC usually presents with extensive 
disease including distant metastases and extensive intra-
thoracic disease. In this setting the primary therapeutic 
modality is systemic chemotherapy with platinum-based 
combinations, although radiation may provide additional 
benefit to patients who show initial response to systemic 
treatment and those with residual disease after completion of 
systemic treatment. PCI may bestow some benefit in terms 
of decreased incidence of symptomatic brain metastases 
even in this group of patients, especially when they have 
responded well to initial treatment.

Approximately 10 percent of SCLC patients have brain 
metastases at time of presentation. Even with optimal 
treatment, the cumulative incidence of brain metastases 
increases to more than 50 percent at 2 years. This is of 
significance especially to the LS-SCLC patients who 
have responded to treatment and show a median survival 
of about 17 months and 5-year survival rates of about 20 
percent (2,3). In the 1970’s, the brain was thought to be 
a sanctuary for cancer cells, which was inaccessible for 
existing chemotherapeutic agents and hence these patients 
started receiving prophylactic radiation to the brain to 
prevent possible intracranial metastases. Although there 
was a decrease in the incidence of brain metastases, there 
was no improvement in survival, and further review of 
available data suggested that prolongation of survival was 
restricted to patients who showed complete remission of 
extracranial disease (4). Furthermore, the addition of cranial 
radiation to the treatment spectrum was also thought to be 
associated with toxic neuropsychological effects. To address 
the benefits of PCI, the Prophylactic Cranial Irradiation 
Overview Collaborative Group conducted the first large 

meta-analysis (5) of seven trials that compared PCI with 
no PCI in LS-SCLC and found that there was a significant 
decrease in brain metastases as well as an absolute decrease 
in the three-year cumulative incidence of brain metastases 
(26 percent decrease) and a 5.4 percent increase in the 3 year 
survival rate of patients who received PCI. A separately 
published review looking at a larger number of trials 
supported the role of PCI in LS-SCLC, although the lack 
of toxicity data was also highlighted by the study authors (6).  
A recent systematic review and meta-analysis also showed 
that PCI has a significant effect on decreasing brain 
metastases but had a heterogeneous OS outcome (7).

The use of PCI in ES-SCLC has also been evaluated 
by different groups. A large retrospective analysis showed 
that PCI improved median overall survival compared with 
no PCI (8) and similar findings were reported in another 
analysis looking at patients with ES-SCLC (9). Due to the 
lack of prospective data regarding PCI in the setting of ES-
SCLC, a Phase III EORTC trial (10) and a further phase 
III study from Japan (11) were also completed. Interestingly, 
the concordant finding in the studies was the decrease in the 
incidence of symptomatic brain metastases in patients who 
showed an initial response to systemic chemotherapy, with 
treatment being well tolerated in both trials. Not surprisingly, 
the benefit in terms of over-all survival was uncertain, with 
the EORTC trial showing an increase in the overall survival 
of patients who received PCI and the Japanese study showing 
no survival benefits, but rather poorer survival outcomes 
among the patients who received PCI. 

The evidence regarding PCI in both LS-SCLC and ES-
SCLC gathered over many years thus strongly support the 
idea that PCI can decrease the incidence of symptomatic 
brain metastases. This is also associated with increased 
survival in patients with limited stage disease, but uncertain 
survival benefits in patients with extensive stage disease. 
Hence, the current practice is to offer all patients with LS-
SCLC, PCI after completion of definitive chemo-radiation 
to the thoracic disease. ES-SCLC patients who have very 
good response to initial treatment may also be offered PCI. 

PCI generally involves a total dose of 25–30 Gy delivered 
over a treatment course of 10–15 fractions. Higher doses 
maybe associated with better disease control, but this 
benefit has to be weighed against the risk of neuro-toxicity. 
The original Prophylactic Cranial Irradiation Overview 
Collaborative Group meta-analysis had looked into the 
efficacy of increasing the dose of radiation for PCI and they 
did notice a statistically significant trend for improved control 
with increasing doses (8 to 40 Gy) of radiation for PCI (5). 
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But the effect of radiation dose was subsequently studied in 
randomized trials (12,13) and no advantage was noted for 
doses above 25 Gy delivered in 2.5 Gy/fraction. The question 
of the optimal dose was evaluated in the RTOG 0212 trial (13) 
that compared 25 Gy in 10 fractions or 36 Gy either in 18 
fractions of 2 Gy or twice daily in 24 fractions. No significant 
advantage in terms of disease control was noted in the group 
that received higher total doses of radiation, and in fact, the 
patients who received higher doses were also found to have 
significantly higher long-term toxicity. Hence the current 
practice is to use the dose of 25 Gy in 10 fractions in all 
SCLC patients planned for PCI. 

In spite of the confirmed benefit of PCI, there has always 
been concerns about toxicity, especially in the patients 
having limited stage disease, who are likely to have longer 
overall survival rates. PCI is usually associated with acute 
and chronic/long-term toxicity concerns. Most of the acute 
toxicity is self-limiting and resolves without any significant 
intervention. These include, fatigue, hair-loss, erythema 
and occasionally symptoms like nausea and headaches. The 
primary concern with PCI is the long-term toxicity, namely 
the neuro-cognitive impairment that may develop in patients 
who have previously received brain radiation. Previously 
reported data does seem to show that PCI with concurrent 
chemotherapy [associated with leukoencephalopathy (14)] 
or PCI employing large fraction size and higher total doses 
were associated with severe late neuro-cognitive side effects 
(14-16). In fact, the RTOG 0212 (13) and the UKCCCR-
EORTC (17) trials looked at the neurotoxicity of PCI as an 
outcome and found that there was no significant increase in 
the incidence of adverse effects that could be attributed to 
PCI with the currently used dose of 25 Gy in 10 fractions. 
Although the current practice of PCI in SCLC is thus 
considered safe, there is still the concern of late toxicity in 
the LS-SCLC patients who are now seen to have longer 
overall survival, especially with improved disease control of 
the thoracic disease in the current age of systemic therapies. 
Evidence from a phase III EORTC trial would suggest 
that PCI is associated with an decline in the quality of life 
(QoL) characterized by a decrease in neuro-cognition in 
the patients (18). This has been suggested by other studies 
as well, both in terms of clinical changes (19,20) as well as 
changes in the levels of markers of tissue injury (21).

Pathophysiology of brain injury with radiation, 
with a special focus on the hippocampus

The pathophysiology of brain injury from radiation is multi-

factorial, that may be primarily involving two pathways, 
namely the effect on the vasculature of the brain and the 
effect on the cells of the central nervous system, especially 
the neuroglial and the stem cells. Other effects include the 
changes that can be attributed to inflammatory mediators 
that are activated or altered by ionizing radiation (22-26). 
Vascular endothelial damage can be caused by radiation and 
preclinical studies have shown that radiation can induce 
the initiation of endothelial cell apoptosis. Vascular damage 
can lead to various late effects including damage to the 
blood-brain barrier and development of microvascular 
abnormalities including telangiectasias. All of these vascular 
abnormalities’ pre-dispose to the development of ischemic 
or hemorrhagic events and they also result in tissue necrosis 
in the surrounding brain parenchyma. These events may 
be exacerbated by the release of various cytokines like 
interleukins and tumor necrosis factor alpha, which can lead 
to further tissue injury.

A very important cause of radiation induced toxicity, 
especially in the context of this article is the effect on the 
proliferating neuroglial progenitor cells. These cells are 
very important for neurogenesis and gliogenesis, especially 
in the areas of the brain that have neurogenic potential. One 
of the most important of these areas that have a number of 
progenitor neuroglial cells is the hippocampus. This portion 
of the brain is essential for memory formation and the 
neuroglial cells play a pivotal role in this function. Radiation 
has been shown to decrease the number of neurons in the 
hippocampus (23), with potentially significant effects on 
memory. As with the hippocampus, other radio-sensitive 
areas of the brain include the periventricular area and the 
white matter tracts, both of which harbor precursor cells 
that are sensitive to radiation. The injury to the neuroglial 
precursor cells is implicated in the long-term toxicities 
associated with brain injury and indeed, the analysis of 
neuroanatomical targets of radiation-induced neuro-
cognitive dysfunction showed that injury to areas of adult 
neurogenesis including the hippocampus most accurately 
predicted for the changes in cognitive performance (27). 
The above-mentioned mechanism may produce a significant 
effect on memory formation and cognition (28,29), even 
though there may not be any identifiable imaging findings 
to suggest the underlying pathology. 

The name hippocampus is  derived from Greek 
(hippocampus-hippos, meaning “horse,” and “kampos”, 
meaning “sea monster”), due to the structure’s shape 
resembling a sea horse. The hippocampus is located 
in the medial aspect of the temporal lobe and is a part 
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of the limbic system, which is important in regulating 
emotional responses. The hippocampus is also involved in 
storing memories, principally functioning as an indexing 
mechanism for memories as well as processing conscious 
recollection and new memories (30). The hippocampus 
also supports flexible cognition and relational memory, by 
forming links between the frontal lobes and structures in 
the temporal, parietal and limbic circuits (31,32). 

Patients with dysfunctions of the hippocampus usually 
present with history of anterograde amnesia where they are 
unable to create new memories of facts and events. This is 
characteristically seen in patients with Alzheimer’s disease, 
where the hippocampus undergoes massive cell loss and 
subsequent memory deficits that classically present in the 
early stages of the disease. Hypoxic episodes, especially 
following strokes, can also adversely affect the hippocampus, 
with patients presenting with anterograde amnesia. 

Most of the adult neurogenesis in the central nervous 
system happens in the hippocampal dentate gyrus and sub-
granular zone (SGZ) and the sub-ventricular zone (SVZ) (33).  
The hippocampus is commonly exposed to high doses 
of radiation during therapeutic interventions for various 
conditions including primary brain tumors, head and 
neck cancers (34,35) and metastatic intra cranial disease. 
Radiation suppresses the proliferation of hippocampal 
SGZ progenitor cells and their differentiation into neurons 
(36-38). The subsequent hippocampal impairment is 
derived from damage to differentiated neural cells, altered 
neurogenesis and impaired cellular plasticity (39,40). Pre-
clinical studies have even shown that doses as low as 2 Gy  
to the hippocampus can cause impaired hippocampal 
function due to injury to the precursor stem cells (41). 
In fact, researchers have shown that neural stem cell 
transplantation attenuated radiation-induced cognitive 
dysfunction in pre-clinical models (42). Furthermore, the 
hippocampus, along with the para-hippocampal cortex and 
the entorhinal and perirhinal cortex are very sensitive to 
radiation induced vascular injury (40). Activation of the 
inflammatory pathways by radiation has also been shown 
to produce gliotic changes as well as inflammation induced 
inhibition of neurogenesis in the hippocampus (43-45). 
These inflammatory changes also produce changes in the 
hippocampal microenvironment, primarily via changes in 
the microvasculature (43,46,47). At the microanatomical 
level, radiation induces changes in the neuronal dendritic 
spine density, and a clear relationship has been identified 
between the loss of dendritic spine density in the 
hippocampus and learning and memory dysfunction (48). 

The hippocampus has been demonstrated to depend 
on the differentiation of a large number of neurons every 
day, to sub-serve its memory and cognition functions (49). 
These neurons are generated from progenitor cells in the 
SGZ of the dentate gyrus (50,51) and are believed to be 
post mitotic cells that migrate to the dentate gyrus and 
differentiate into mature neurons. These mature neurons 
in the molecular layer of the hippocampus receive inputs 
from the entorhinal cortex and this exquisite process of 
neurogenesis is process of neurogenesis is supported by a 
niche of cells comprised of glial cells, neurons, astrocytes, 
oligodendrocytes, extracellular matrix and remodeling 
microvasculature (40,52). Thus, impairment of any of 
these components can have a significant cascade effect 
that affects hippocampal function. The early dysfunction 
initiated by radiation injury alters inter-cellular signaling 
producing potent microenvironmental changes that 
further influence progenitor cell differentiation. In fact, 
long term dysregulated signaling may cause hippocampal 
precursor cells to differentiate into glia rather than neurons, 
resulting in a loss of neurons and the plasticity required for 
learning, memory, and other aspects of cognition (53,54). 
Furthermore, work done in the area of Alzheimer’s disease 
has shown that different areas of the hippocampus may 
show different functions (55) and the different regions may 
be exposed to different doses of radiation (56) resulting 
in subjective differences in the neuro-cognitive toxicity 
phenotype.

The role of hippocampus in processing memory and 
cognition is thus undisputed, and significant amounts of 
pre-clinical and clinical data generated over the last few 
decades strongly support the hypothesis that one of the 
major toxicities of brain radiation is the result of injury to 
the hippocampus. The goal thus has been to avoid injury to 
the hippocampus as far as is reasonably possible, especially 
in patients where early disease or excellent treatment 
response would render them excellent candidates for long-
term survival.

Therapeutic whole brain radiation and 
hippocampal-avoidance whole brain radiation

Brain metastases is the most common brain tumor in adults, 
and the risk of developing brain metastases vary according 
to the tumor type, although lung cancers account for about 
half of all these tumors (57,58). The prognosis, once brain 
metastases has developed, is relatively poor and the patients 
generally present with significant neurologic, cognitive and 
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emotional issues. The most widely used treatment for multiple 
brain metastases has been whole brain radiation treatment 
(WBRT), which was seen to provide rapid attenuation of 
symptoms. Various dose schedules for WBRT were studied 
in multiple randomized studies and currently the most 
commonly used dose schedules include 30 Gy in 10 fractions 
or 20 Gy in 5 fractions. While these doses are inadequate 
for long-term tumor control, these doses do give tumor 
control in approximately 50% patients at 6 months (58).  
Unfortunately, multiple reports identified neuro-cognitive 
dysfunction as a late toxicity of WBRT, although this may 
have been confounded by multiple other factors including 
location of the tumor, surgical procedures and the use of 
neurotoxic drugs like chemotherapy. Early studies identified 
the pathophysiological changes in the brain that were 
associated with radiation induced toxicity, and various 
strategies were suggested to reduce the late neurological 
toxicity of WBRT. Currently, WBRT is offered for patients 
who have brain metastases that impinge eloquent areas 
or have disseminated disease that may be unamenable to 
surgery or stereotactic radiation. The second indication 
for WBRT is as an adjuvant treatment after surgery or 
stereotactic radiosurgery (SRS). Although adjuvant WBRT 
after surgery or SRS reduces the relative risk of intracranial 
disease progression, no survival advantages (59,60) were 
noted and was instead associated with increased risk of side 
effects including neurocognitive decline (61).

Some of the strategies employed for reducing the 
late toxicity of WBRT include stereotactic radiation for 
solitary lesions and tumor bed radiation following surgical 
metastectomy. In fact the treatment approach for brain 
metastases have changed significantly in the last couple of 
decades with the emergence of randomized data supporting 
the evidence for SRS as initial therapy for up to 4 brain 
metastases (59,62-64), although some centers practice SRS 
for even larger number of small tumors. Other targeted 
strategies to reduce the risk of neurocognitive decline after 
WBRT include the use of certain pharmacological agents 
that have been shown to ameliorate the late neuro-cognitive 
toxicity of WBRT. These agents include memantine, an 
oral N-methyl-D-aspartate (NMDA) receptor (65,66) 
and donepezil, a choline esterase inhibitor (66). These 
medications have been previously used in the management 
of Alzheimer’s disease, and although they do not reverse 
the radiation induced toxicity, they can delay the time to 
cognitive decline. In these early studies, donepezil only 
showed modest improvement in cognitive functions, but 
memantine did show significantly better benefit with longer 

time to cognitive decline and favorable tolerability profile. 
Hence it has been suggested that memantine may be offered 
to patients following WBRT for up to 6 months. 

Another strategy employed for reducing the risk of late 
neuro-cognitive toxicity is to avoid the hippocampus during 
WBRT using newer radiation techniques like intensity 
modulated radiation therapy (IMRT), where a lower 
differential dose to the hippocampus is thought to reduce 
the long-term toxicity associated with conventional WBRT. 
WBRT with hippocampal avoidance was demonstrated to 
be feasible with improvements in radiation techniques and 
planning systems. Evaluation of the feasibility of sparing 
the hippocampus and the neuronal stem cell compartment 
showed that it was indeed possible to keep the doses to 
these structures much lower than the prescription dose 
using intensity modulated radiation treatment and helical 
tomotherapy (67). A report from the Gondi group also 
showed that excellent hippocampal avoidance was possible 
both with standard linear accelerator based and helical 
tomotherapy based techniques (68). The group also 
reported on the RTOG 0933 (69) phase II trial that studied 
patients with non-hematologic and non-SCLC brain 
metastases who were planned for WBRT. These patients 
were treated with hippocampal avoidance WBRT (HA-
WBRT) using a dose of 30 Gy in 10 fractions. A decline in 
the Hopkins Verbal Learning Test (HVLT) was the end-
point, and it was noted among the participants that relative 
decline in HVLT was significantly lesser than in previously 
reported studies that looked at WBRT as well as WBRT 
and SRS. This study also set out the possible dosimetric 
compliance criteria that can indicate the most reasonable 
outcomes (70). Interestingly, the recent NRG-CC001 trial 
looked at the combination of memantine with WBRT and 
memantine with HA-WBRT (71) and an interim analysis 
showed that hippocampal avoidance better preserves neuro-
cognitive Function and other late symptoms without having 
an impact on disease control and survival. 

An area of active research has been to identify 
hippocampal radiation exposure dose relationships with 
neuro cognitive function and other effects. Interestingly, 
it was found in small studies that exposure of even 10% of 
the hippocampal volume (as seen on imaging) to relatively 
low doses of radiation (EQD2 <8.81 Gy) was associated 
with significant neuro cognitive dysfunction (72). An 
imaging-based study looking at hippocampal atrophy 
following radiation also identified that there was significant 
hippocampal atrophy with higher doses of radiation, with 
a 40 Gy exposure associated with a 6% decrease in volume 
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at 1 year, whereas there was no obvious volume changes 
following exposure to <10 Gy of radiation (73). In spite 
of all these findings, there is a lack of randomized data 
that supports the routine use of HA-WBRT and there are 
currently ongoing trials that will hopefully answer this 
question. 

Hippocampal avoidance-PCI in SCLC and its 
benefits

Unlike in patients with confirmed metastatic disease, 
prophylactic treatment of the brain especially in patients 
with LS-SCLC is done with the idea that these patients 
will have controlled primary disease, and hence will be 
expected to live longer than a patient with clinically 
evident brain metastasis. Yet, in many patients, the 
concern of possible neuro-cognitive impairment following 
standard PCI, results in their declining treatment (74). 
This is a justifiable concern, as the decline in QoL 
following treatment for SCLC and subsequent PCI has 
been well documented (18). The previously mentioned 
pathophysiology of brain injury plays an important role 
even in the setting of PCI, and hence multiple groups have 
been evaluating various techniques to enhance the safety 
profile of this treatment. While the previously discussed 
pharmacological agents have been shown to have a benefit 
even in the setting of PCI, a number of phase 3 trials are 
evaluating the benefit of hippocampal avoidance radiation 
in this setting.

Although many studies have reported on hippocampal 
avoidance in the context of therapeutic WBRT, prospective 
studies specifically looking at PCI, especially in the setting 
of SCLC are few. Much of the data supporting hippocampal 
avoidance PCI is extrapolated from WBRT studies or is 
based on studies that had a combination cohort of patients 
who received whole brain radiation both in the therapeutic 
and prophylactic setting. A single arm prospective trial with 
20 patients looked at adults with LS-SCLC who achieved 
complete response to chemoradiation and was planned for 
PCI (75). All patients were treated with a dose of 25 Gy  
in 10 fractions with a mean dose to the hippocampus limited 
to <8 Gy and the Hopkins Verbal Learning Test-Revised 
Delayed Recall test was administered at 6 and 12 months 
after PCI and the efficacy was compared with the RTOG 
0212 study. The study showed that there was no decline 
in performance on any of the neuro-psychological tests, 
although 2 of the patients subsequently developed mets in 
the under-treated areas. But this report did suggest that 

hippocampal avoidance PCI should be considered for LS-
SCLC patients. The NRG CC-003 trial which is currently 
accruing is a seamless phase IIR/III trial, with the phase 
IIR designed to demonstrate non-inferiority and if the 
margin of the phase IIR component is not exceeded, then 
the trial would transition to the phase III component. 
Recently, following an interim analysis of the phase IIR 
primary endpoint which appeared to show non inferiority, 
the trial was re-activated to accrue patients to the phase 
III component (76). Combined with the evidence from 
hippocampal avoidance WBRT, there is thus emerging 
support for PCI with hippocampal avoidance in the 
management protocol of SCLC. 

In the last few decades, the proportion of the elderly 
population being diagnosed with SCLC has shown an 
upward trend with about 44% of all cases of SCLC being 
aged >70 years (77). Not surprisingly, these patients also 
tend to fare worse than younger patients (78-80) and have 
more risk for developing neuro-cognitive impairment 
after PCI. Furthermore, PCI was not thought to extend 
significant survival benefits (80) for this group of patients, 
as they were likely to have an increased risk of death from 
other causes, rather than brain metastases. This was also 
reflected in the ES-SCLC patients (11) where the elderly was 
not found to have significant benefit from PCI, but were 
instead seen to develop significant neuro-cognitive toxicity. 
Hence this is one group of patients who may likely have 
significant benefit with hippocampal avoidance PCI and 
efforts should be made to address this sub-set of patients as 
a separate cohort to avoid biases due to contamination with 
data from other patient groups. 

Concerns about hippocampal avoidance-PCI in 
SCLC

A primary concern about any conservative treatment option 
in cancer patients, is about the risk of disease recurrence 
due to undertreatment. Most of the early cranial radiation 
studies involving hippocampal avoidance techniques 
excluded SCLC patients, due to the belief that SCLC 
can give rise to diffuse brain metastases that can involve 
the hippocampus, which would in turn negate the neuro-
cognitive benefits gained by sparing the Hippocampus. 
This is also currently the primary concern about universal 
promotion of hippocampal avoidance PCI for SCLC 
patients. An early paper (81) looking at the pattern of 
failure in small cell lung cancer patients who received PCI 
did not clarify about the incidence of hippocampal failures, 
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but a recently reported study specifically looked at SCLC 
patients with brain metastases and noted that the incidence 
of hippocampal metastases was very low involving <5% 
patients. Furthermore, even in patients with significant 
intracranial metastatic load, the actual involvement of the 
hippocampus by metastatic lesions was very low (0.8%) (82). 
Another report looked at the distribution of metastases in a 
larger study set and found that Hippocampal involvement 
was seen only in about 1% of the study patients and 
dosimetric studies of these patients showed that even with 
hippocampal avoidance techniques, about 10% of the 
patients did receive adequate dosage to the hippocampal 
areas, making it a reasonable treatment strategy for SCLC 
patients (83). Intriguingly another group that looking at 
a similar sized retrospective cohort of SCLC patients, 
found that a significant number of patients (18.3%) had 
hippocampal metastases (84), cautioning against the use of 
hippocampal avoidance radiation. Thus, the lack of clarity 
about the risks associated with hippocampal avoidance 
PCI is a significant hurdle that hobbles efforts to reduce 
the radiation related toxicity associated with PCI in SCLC 
patients. Only larger prospective trials can bring clarity to 
the question raised by the contradictory findings. In fact 
early reports from the OC-0503 phase III trial comparing 
PCI with or without hippocampus avoidance in SCLC, 
which was recently published, showed similar OS rates 
at 18 months and interestingly, none of the patients had 
developed isolated brain metastases in the hippocampal 
avoidance area (85). But surprisingly, the study did show 
a drop in the Hopkins Verbal Learning Test-Revised 
(HVLT-R) scores across all subjects and no significant 
difference between the two patient groups. Final study 
results will be awaited to verify these findings.

Conclusion and discussion

PCI has been very commonly practiced as an adjunct 
therapy for SCLC patients for the last few decades with a 
number of reports showing benefits in terms of reducing 
intra cranial metastases. Along the way there have also been 
discussions about the ambiguity of this approach especially 
when taking into consideration the associated neuro-
toxicity. A number of studies are currently recruiting to 
answer this question. Some of the various studies include 
and are not limited to the NRG-CC003, NCT02906384, 
NCT02397733, NCT01780675 and NCT02635009 
clinical trials that are currently recruiting patients to study 
the benefit of PCI. 

Since long-term neurotoxicity is the primary concern, 
various groups have investigated techniques to ameliorate 
the side effects of radiation. Hippocampal avoidance PCI is 
an excellent technique to overcome the concerns of toxicity 
associated with PCI and a number of groups are currently 
looking into this area. Studies like the NRG-CC003 and 
the PREMER Trial (NCT 02397733) (86) will hopefully 
answer the question regarding the benefit of PCI as well as 
the benefit extended by protecting the hippocampal region. 
Three principle questions that will seek answers from the 
current studies include (I) the benefits in terms of reduction 
in toxicity, (II) the risk of local recurrence/metastasis 
in the spared areas and (III) the benefits in terms of the 
increased resource utilization and need for reverse radiation 
treatment planning. Although efficacy and toxicity will be 
the primary end-points of interest, these studies will also 
help clarify the question regarding benefits versus the need 
for increased resource utilization that will be of concern 
especially for publicly funded healthcare systems. Our own 
clinical experience suggests that HS-PCI is indeed a good 
treatment technique, but the overall benefits for individual 
patients per se have to be carefully weighed against the 
increased resource requirements for treatment planning and 
execution.

Although current guidelines including the NCCN 
recommends PCI for patients with limited stage disease 
who attain a complete or partial response and suggests 
“considering” PCI for extensive stage SCLC, there is 
currently no clarity regarding offering hippocampal 
avoidance PCI. But whatever maybe the consensus opinion 
regarding the management options, the final arbitrator will 
be the patient who decides whether the benefits of PCI 
are worth the risk of side effects associated with treatment. 
Hence, any modest improvement in the toxicity profile is 
also likely to have an impact on the acceptance of these 
treatments. 
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