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Radiation therapy for patients with brain metastases from non-small
cell lung cancer without driven gene mutation
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Brain metastasis (BM) of lung cancer is not rare in the
course of tumor development. The overall survival (OS) of
patients diagnosed with BM is only 3.6 months without
radiotherapy. With rapid developments in treatment
for BM, a median survival time (MST) of approximately
16 months could be achieved.'!! For patients with
epidermal growth factor receptor mutations or anaplastic
lymphoma kinase gene rearrangements, corresponding
agents have been approved for treatment. In patients
without driven genes mutation, radiation therapy remains
the standard regimen for BM.

Whole-brain radiotherapy (WBRT) has been used to
control BM for a few decades. However, the deterioration
in neurological function caused by WBRT has attracted
increasing attention. Studies have demonstrated that
hippocampal-sparing WBRT (HS-WBRT) with simulta-
neous integrated boost (SIB) has the ability to avoid
declines in neurocognitive function and increase the local
control rate (LCR): with a 1-year intracranial LCR of
67%, only mild adverse effects are observed after radiation
therapy.! Another phase II trial suggested that the local
recurrence rate is 8.8% and intracranial recurrence rate is
21.3% at 1 year among patients who receive HS-WBRT
with SIB, and this approach of radiotherap?r decreases the
probability of declines in delayed recall.®! Stereotactic
radiosurgery (SRS), which is characterized by fairly good
efficacy and minimal influence on cognitive function, is
recommended for limited BM (1-4 BM lesions)."*l A
retrospective study indicated that among patients who
receive SRS, the overall LCRs are 75% at 1 year and 66%
at 2 yealrs.fsJ It is well known that the number of BM
lesions affects the survival of patients significantly, whereas
Nardone et al'® elucidated that patients with a lower
peritumor edema/gross tumor volume ratio may be more
likely to receive additional WBRT, suggesting that tumor
volume is the main factor affecting the choice of
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radiotherapy mode. To explore whether SRS can be
performed in patients with more than four BM lesions
several clinical trials have been conducted. Rava et all’)
indicated that patients with more than ten brain lesions
who are treated with SRS alone have a MST of 6.5 months.
The median time to CNS failure is not statistically
significant between patients who receive or do not receive
initial WBRT. However, with an increase in the number of
BM lesions, patients are more likely to receive salvage
WBRT than undergo SRS."®! Minniti et al®! found that the
addition of SRS to WBRT prolongs the MST and improves
the LCR (MST of 10.3 vs. 7.3 months, P=0.00035;
median time to intracranial tumor progression of 10 vs.
7 months, P = 0.001). These findings are similar to those of
Khan et al,'”! and there was no obvious difference in
neurotoxicity between WBRT plus SRS and WBRT alone.
Although the recurrence of brain tumors decreased
significantly in patients who received WBRT plus SRS
than in those who underwent SRS alone, no remarkable
survival benefit was observed. The safety profile, includinﬁ
neurological function, was similar in the two groups.!"
This implies that upfront SRS with salvage WBRT or
delayed WBRT may confer survival benefits.

Except for SRS and WBRT, other approaches of radiation
therapy are emerging and developing for implementation.
A retrospective study demonstrated that hypofractionated
stereotactic radiotherapy (HSRT) is another suitable
choice to control intracranial tumors and obtain survival
benefits in patients with BM.['*! Furthermore, even though
the long-term toxicity and survival associated with HSRT
are the same as those associated with SRS, HSRT seems to
be associated with a lower incidence of acute complica-
tions and better LCR according to previously reported
results."?! Volumetric-modulated arc therapy achieves
considerable improvements in the LCR, especially for
smaller BM lesions (diameter <2 cm).l'¥ Moreover,
volumetric radiosurgery tends to be associated with a
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lower incidence of high-grade radionecrosis compared
with that associated with SRS plus WBRT, which is
observed in elderly patients, and the survival profile does
not differ as the number of metastases increases.

Chemotherapy is considered to have limited efficacy on
BM because of the blood-brain barrier (BBB), but
subsequent studies have demonstrated that a combination
of radiation therapy and traditional chemotherapy can
improve the survival of patients. Radiation may change the
BBB and increase the permeability of drugs. Prior
chemotherapy, on the other hand, increases the response
rate of radiation therapy.''® Li ez al'”! reported that
systemic therapy added to radiotherapy improved OS
significantly. A greater number of cycles of pemetrexed
combined with radiation therapy result in longer OS.!
Another agent, temozolomide, has been shown to have
good penetrating power across the BBB. The addition of
temozolomide to WBRT can 1mprove the objective
response rate but fails to prolong OS.!'*!

An increasing number of studies are investigating the
availability of immunotherapy for BM. Kamath et a/l*°

published a case report describing a woman with a smgle
BM lesion who had undergone prior SRS, chemotherapy,
and maintenance treatment and was treated with pem-
brolizumab for 20 months. Surprisingly, the previous
lesions were well controlled, and no new tumors appeared.
Currently, the efficacy and safety of the combination
of immunotherapy and radiotherapy has attracted our
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attention. The combination of programmed death-1
inhibitors and SRS prolongs the OS of patients with BM
of NSCLC and achieves a higher LCR of brain lesions
compared to that with sequential treatment or SRS
alone.*'! More clinical trials are needed to explore the
efficacy and safety of immunotherapy plus radiotherapy in
patients with BM of NSCLC.

Aside from the aforementioned systematic treatment,
surgery is usually recommended for symptomatic and
limited BM, and radical resection of brain lesions confers a
high LCR. Oertel et al**! indicated that local radiotherapy
after surgery is more favorable than WBRT or WBRT with
SIB.

In conclusion, we summarized the main radiotherapy
modes for BM from NSCLC in this article [Table 1].
Currently, the treatment of BM should not only pursue the
LCR of lesions, but also patients’ quality of life. Radiation
continues to play an indispensable role in the therapeutic
strategy for BM, but SRS or WBRT alone is not the optimal
strategy for patients with BM. Proper combination or
sequential treatment may be more rational.
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Table 1: Several important studies on the radiotherapy modes of BM from NSCLC.

Author Number of BM, n Treatment Dose ICR/LCR
Kim et al*! 2-15 HS-WBRT with SIB 25-28 Gy/10-14 fractions 67% (1-year ICR)
(whole brain); 40-48 Gy/
10-14 fractions (metastatic
lesion)
Westover et al'®! 1-8 HS-WBRT with STB 20 Gy/10 fractions (whole 79% (1-year ICR)
brain); 40 Gy/10 fractions
(metastatic lesions)

Abraham et al®! 1-8 SRS (32% received 12-24 Gy/1 fraction 66% (1-year LCR)
upfront WBRT)

Hughes et al'®! 5-15 SRS (25% received 17.5-20.3 Gy/1 fraction 70%/1 BM; 59%/
salvage SRS; 14% 2—-4 BM; 50%/
received salvage 5-15 BM
WBRT) (1-year LCR)

Ishihara et all'?! 1-5 HSRT 35 Gyl/S fractions 83.6% (1-year LCR)

Minniti et al®®! 2-3 SRS + WBRT vs. 30 Gy/10 fractions (WBRT); 93% vs. 47%
WBRT 18-20 Gy/1 fraction (SRS) (P=0.001)

(1-year LCR)

Brown et al®®! 1-3 SRS + WBRT vs. 20-24 Gy/1 fraction (SRS 90.4% vs. 77.6%
SRS alone); 18-22 Gy/1 (P=0.017)

fraction (SRS dose when (1-year LCR)

combined with WBRT),
30 Gy/12 fractions
(WBRT dose when
combined with SRS)

BM: Brain metastasis; NSCLC: Non-small cell lung cancer; ICR: Intracranial control rate; LCR: Local control rate; HS-WBRT: Hippocampal-sparing
whole-brain radiotherapy; SIB: Simultaneous integrated boost; SRS: Stereotactic radiosurgery; WBRT: Whole-brain radiotherapy; HSRT:

Hypofractionated stereotactic radiotherapy.
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