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Case report: The effective
response to pembrolizumab in
combination with bevacizumab
in the treatment of a recurrent
glioblastoma with multiple
extracranial metastases
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Multiple extracranial metastases of recurrent glioblastoma are rare and often
indicate a very poor prognosis. The main conventional treatments are
chemotherapy, radiotherapy, chemoradiotherapy or antiangiogenic therapy.
Median overall survival is 2.3 to 6 months after the detection of extracranial
metastases, and to date, there is no effective treatment for these patients.
Herein, we report a recurrent glioblastoma patient with lung metastasis treated
with a combination therapy containing bevacizumab and pembrolizumab due
to overexpression of PD-L1 and the absence of driver mutations. The
progression-free survival was 11 months from lung metastases to bone
metastases. This combination treatment was further used as maintenance
therapy for another 11 months after bone metastasis and secondary dorsal
metastasis because there was no suitable treatment alternative. The overall
survival was 27 months after lung metastases, which is much longer than
previously reported cases. To our knowledge, this was the first effective use of
bevacizumab plus pembrolizumab in a glioblastoma patient with extracranial
metastases. Furthermore, this was the first time that bevacizumab plus
pembrolizumab was used as a maintenance treatment in glioblastoma, with
11 months of response. Importantly, we showed that such combination therapy
may be a novel and effective therapy for glioblastoma patients with
extracranial metastases.
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Introduction

Glioblastoma (GBM) is the most common primary
malignant brain tumor, but despite advances in treatment
strategies, the prognosis remains poor (1, 2). The mainstay
first-line treatment of GBM is surgery followed by
postoperative adjuvant treatment using chemoradiotherapy.
The U.S. Food and Drug administration (FDA) has also
approved temozolomide (TMZ) to treat primary GBM, but it
has a relatively poor response rate (3). Approximately 90% of
GBM patients experience postoperative recurrence (4).
Bevacizumab, an angiogenesis inhibitor, is approved for
recurrent GBM multiforme, but the median duration of
response is approximately 3.9 months, and the 6-month
progression-free survival (PFS) rate is approximately 36.0%
(5). In recent years, immune checkpoint inhibitors (e.g.,
nivolumab and pembrolizumab) and/or targeted inhibitors
(such as BRAF inhibitors, mTOR inhibitors, and MET
inhibitors) have improved the outcomes of patients with
GBM (6, 7). Interestingly, the combination of antiangiogenic
drugs and immunotherapy yielded good results when tested in
driver mutation-absent cancers (8, 9). This synergistic effect
could be explained by the antiangiogenic agents that can
normalize the abnormal blood vessels, which may convert
the tumor microenvironment and thus improve the effects of
immune checkpoint inhibitors (10). However, a phase II
clinical trial showed limited benefits from pembrolizumab
combined with bevacizumab for recurrent GBM with a
reported median overall survival (mOS) of 10.3 months (11).
It is unclear whether GBM cells developed resistance to
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pembrolizumab and bevacizumab, or whether the
intracranial environment limited their effects.

Extracranial metastasis from GBM is very rare, with an
incidence of approximately 0.4-0.5% (12-14). There is still no
consensus on the standard treatment for GBM extracranial
metastases; therefore, most patients receive radiotherapy,
chemotherapy, or bevacizumab (15-18). However, a meta-
analysis showed that the mOS of GBM patients from
extracranial metastases diagnosis to death was only 2.3
months (19).

In this case, we report a recurrent GBM case with lung
metastases. Considering the poor response of lung lesions to the
combination treatment of bevacizumab and TMZ and positive
PD-L1 expression of the lesion, the immune inhibitor
pembrolizumab was added to bevacizumab for the patient’s
subsequent treatment, with a PFS of 11 months. Then the
patient received the same maintenance treatment for 11
months. The OS was approximately 27 months from the day
of extracranial lung metastasis detection to death, which was
much longer than previous treatment modalities.

Case report

A 58-year-old man without family disease history was
admitted to our hospital in March 2014, complaining of left
fingertip numbness for more than two months, intermittent
dizziness and left limb weakness for half a month (Figure 1).
Magnetic resonance imaging (MRI) and positron emission
tomography/computed tomography (PET/CT) of the brain
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FIGURE 1

The treatment timeline of the patient. The patient was diagnosed with glioblastoma in March 2014. He underwent surgery, followed by standard
adjuvant treatment with Temozolomide (TMZ) and radiotherapy (RT). The tumor recurred intracranially in November 2015, and he received RT
and Bevacizumab (Bev) treatment, the response evaluation of the brain lesion was a partial response (PR). In November 2017, lung metastases
were detected, the patient accepted Bev and TMZ, but the lung lesion progressed. Two months (M) later, Keytruda was added because of a
positive PD-L1 expression and a partial response (PR) was achieved for the metastatic lesion while the brain lesion was a stable disease (SD).
Then TMZ was discontinued to relieve the symptoms of fatigue and due to the unmethylation of the MGMT promoter (May 2018). The patients
received five months of Bev plus Keytruda. In October 2018, bone metastases were identified. The patient continued treatment with Bev and
Keytruda for two months because no other treatment could be used. Dorsal metastasis was found in December 2018 and due to no other
suitable treatment, and the patient continued to receive Bev and Keytruda for another nine months before pulmonary lesion progression. Five
months later, the patient discontinued all treatment and died from a pulmonary infection.
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revealed multiple lesions in the right lobe (Figure SIA). As a
result, the patient underwent brain surgery, and the pathological
analysis of the tumor revealed GBM with the presence of
oligodendroglioma components. Immunohistochemistry (IHC)
results demonstrated positive staining for vascular endothelial
growth factor (VEGF) and glial fibrillary acidic protein (GFAP),
partial positive expression for Ki67 and oligodendrocyte lineage
transcription factor 2 (OLIG2). The 1p19q codeletion was not
detected by fluorescence in situ hybridization. The IDHI1/2 gene
was wild-type, and the O°-methylguanine-DNA methyltransferase
(MGMT) promoter was unmethylated. The patient received
standard postoperative radiotherapy (Dt6000cGy/30f/6w) with
TMZ (160 mg d1-5). A follow-up MRI in April 2015 showed the
absence of new lesions (Figure S1B). However, a follow-up in
November 2015 revealed right temporal and right occipital
recurrence (Figures S1C, D). Subsequently, the patient underwent
a radiotherapy regimen (Dt: 30 Gy/5 f) followed by four cycles of
bevacizumab (5 mg/kg, d1, q3w) and then achieved a RECIST
criteria partial response (PR). At the same time, the patient showed
an improvement in quality of life.

In November 2017, the patient returned to our hospital
complaining of chronic cough. PET/CT showed that the brain
lesion (Figure 2A) was stable when compared with the brain
lesion in November 2015 (Figure S1D), but multiple nodules
were observed in the right lung (Figure 2B, November 2017).
Lung biopsy was performed, and we confirmed that the lung
lesion was, in fact, a neoplastic metastasis of GBM by
pathological analysis and IHC (Figure 3). The results of IHC
was positive staining of GFAP, OLIG2, and S-100 protein was
also observed. Due to no standard treatment for extracranial
metastases GBM, the next-generation sequencing (NGS) and
PD-L1 detection were performed on lung lesions, expecting to
find a treatment target. The NGS results from Onco
PanScan' ™ (GenetronHealth) revealed KRAS mutation
(Figure S2A), TP53 mutation (Figures S2B, C) and FGFR3
fusion (Figure S2D) but the absence of IDHI/2 mutation,
H3F3A/HIST1H3B mutation and RELA mutation (Table 1).
As there was no suitable targeted therapy at the time,
bevacizumab and TMZ was used for recurrent GBM
according to the NCCN guidelines; thus, the patient
underwent two months of bevacizumab (300 mg, q3w, 4
cycles; 300 mg, q4w, 2 cycles) and TMZ (420 mg, q28d)
treatment. The brain lesions remained stable, while the lung
lesions increased slightly in size (Figures 2C, D, January 2018
vs. November 2017). Fortunately, the lung lesion had positive
expression of PD-L1; therefore, we decided to add
pembrolizumab with bevacizumab and TMZ to our
treatment strategy. The treatment plan of pembrolizumab
was as follows: 200 mg q2w, 2 cycles; then 200 mg, q3w, 1
cycle; then 200 mg, q4w 2 cycles. During this treatment, we
reassessed the patient in April 2018, and the MRI scan
revealed an effective response of the lung lesion, with a
RECIST criteria PR, while the brain lesion was stable
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(Figures 2E, F, April 2018 vs. January 2018). Because the
patient was suffering from cancer-related fatigue and the
MGMT promoter was unmethylated, we discontinued TMZ
in May 2018. From then on, the patient was on bevacizumab
plus pembrolizumab only. Interestingly, the lung lesion
decreased further in size while the brain lesion remained
stable (Figures 2G, H, June 2018 vs. April 2018). However,
bone metastases appeared four months later (Octoble 2018).
There was a total of 11 months (November 2017 to October
2018) of remission from lung to bone metastases, during
which bevacizumab and pembrolizumab were used (Figure 1).

Following bone metastases, the patient agreed to continue
using bevacizumab (300 mg, g4w) and pembrolizumab (200 mg,
q4w) as maintenance therapy due to the unavailability of suitable
alternative treatment. Nearly two months later (December
2018), a left posterior dorsal mass was found during routine
follow-up (Figure 1). Nonetheless, the patient was kept on the
same regimen for nine months with no suitable treatment
available. After September 2019, due to the lung lesion
progression, the patient was in poor physical condition, could
not tolerate further treatment, and died from a lung infection in
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FIGURE 2

PET-CT/MRI images of the brain and lung at the time of lung
metastasis, during and after treatment. (A, B) The brain lesion
was stable and the lung metastasis was found in November
2017. (C, D) After two months of Bevacizumab (Bev)+TMZ
treatment, the brain lesion was stable and the lung lesions
progressed (January 2018). (E, F) After Keytruda was added for
three months (April 2018), the brain lesion was stable, and the
response evaluation of lung lesion was PR. (G, H) After Keytruda
was added for five months (June 2018), the brain lesion was kept
on SD and the lung lesion was kept on PR. The white arrow
represents the lesion. M, month.
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FIGURE 3

Histopathology and immunostaining of metastatic lung lesions.
Hematoxylin-Eosin (HE) staining showed that the lung lesion was
neoplastic. Immunohistochemistry (IHC) showed positive GFAP,
OLIG2 and S-100. Magnification: 40X and 400X.

February 2020. The total survival time of the patient from
extracranial metastases of the lung to death was approximately
27 months.

Discussion

Extracranial metastasis from GBM is extremely rare.
Currently, there is no standard guideline for the treatment of
extracranial metastasis from GBM. In some previous reports,
GBM patients with extracranial metastases generally received
chemotherapy, radiotherapy, radiochemotherapy, or

TABLE 1 NGS gene mutation profiling in lung specimen.

10.3389/fonc.2022.948933

chemotherapy combined with bevacizumab and had a very
short survival time after metastasis (15-18, 20). The patient in
our case received multiple lines of treatment after lung
metastasis was detected. Because the disease progressed after
bevacizumab and TMZ as first line treatment, immunotherapy
plus bevacizumab treatment was administered as subsequent
treatment, which resulted a long survival of 27 months. The OS
of the patient from diagnosis to death was approximately 70
months, which is much longer than previous reports. There are
three important findings from our case. First, a combination
treatment of pembrolizumab and bevacizumab after lung
metastasis was shown to be effective since the lung lesion
achieved PR and the brain lesion was SD. This suggests that
the treatment of immunotherapy plus angiogenesis inhibition
is potent against GBM cells that metastasize to the lungs.
Previously, a phase II clinical trial showed a limited benefit
of 10.3 months of OS from pembrolizumab combined with
bevacizumab for recurrent GBM (11). It was unclear whether
the poor response was due to the glioma cells being insensitive
to the drugs, whether the blood-brain barrier limited drug
entry, or whether the tumor environment affected the response.
Here, our results reveal that there is a strong case for the latter
two reasons. Second, we found that GBM patient in China and
other countries was similar in gender ratio (63.0% male vs.
65.0% male), treatment modalities (radiotherapy and
chemotherapy), MGMT promoter methylation ratio (44.7%
vs. 54.6%) and OS (14 months vs.15.7 months) (21, 22).
Furthermore, we compared the characteristics of patients
with GBM extracranial metastases in China and other
countries, and found that metastasis site, treatment
modalities and the survival time were similar (19, 23, 24). A
cases series of extracranial metastatic GBM reported by
MSKCC showed that the median survival time after
metastasis was 5 months (23), and a case report about a
Chinese extracranial metastatic GBM showed that the
survival time was 6 months from extracranial metastases
(24). In our case, after receiving a combination of
bevacizumab and pembrolizumab, the total survival reached
27 months from extracranial lung metastasis diagnosis to
death, which was longer than previous reports. Third, our

Gene Mutation type c.dot Genovariation
KRAS Missense mutation c40G>A p.V141

TP53 Nonsense mutation c.637C>T p-R213*
TP53 Missense mutation c.818G>A p-R273H
FGFR3 Gene fusion / FGFR3-TACC3
IDH1/IDH2 / / /
H3F3A/HIST1H3B / / /

RELA / / /

NGS, next-generation sequencing.
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patient used pembrolizumab in combination with bevacizumab
as a maintenance treatment for two months after a secondary
metastasis to the bone was detected. This treatment was
maintained for another nine months, even after dorsal
metastases were localized. A retrospective study showed that
patients treated with immune checkpoint inhibitors could
benefit from adopting the same treatment regimen after
progression, with a median PFS of 2.7 months and a mOS of
7 months from the first progression to the second progression
(25). Herein, the patient progressed slowly, the combination
therapy of angiogenesis and immune checkpoint inhibitors was
continued regardless of progression, and the patient achieved
prolonged OS (27 months after lung metastasis). Similarly, our
study showed that using the previously effective treatment as a
maintenance treatment is a choice for patients with no
alternative treatment options after progression.

In our case, NGS and IHC detection were performed on
the patient’s lung biopsy tissue at the time of lung metastasis.
The results showed KRAS and TP53 mutations, FGFR3-
TACCS3 fusion and PD-L1 positivity. Only PD-L1 inhibitors
were approved at that time; therefore, the patient received the
PD-L1 inhibitor, pembrolizumab, as an add-on therapy.
Additionally, as mentioned above, the FGFR3-TACC3 fusion
was detected from the lung biopsy tissue. A clinical trial
confirmed an effective response to erdafitinib in GBM
patients with the FGFR3-TACC3 fusion (26). Unfortunately,
the targeted drug erdafitinib for FGFR2 or FGFR3 genetic
alterations was not approved by the National Medical
Products Administration at the time and the FDA only
approved it for metastatic urothelial carcinoma in April
2019. More clinical trials are warranted to broaden the
indications of erdafitinib to encompass GBM patients in the
future. Nevertheless, some targeted drugs, including those
targeting fusion mutations, such as NTRK inhibitors, have
been approved for solid tumors, hence the importance of
performing multigene detection in GBM or recurrent GBM
to provide more opportunities for these patients.

Herein, our GBM patient underwent various detection and
treatment modalities, and he was ultimately treated with
bevacizumab combined with pembrolizumab after extracranial
lung metastasis was detected. The combination treatment
haltered the progression of the disease and improved the
patient’s OS time considerably. In light of our findings, we
provide a valuable reference for treating other GBM patients
with extracranial metastasis in the future.
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SUPPLEMENTARY FIGURE 1

The MRI images were taken at baseline of cancer diagnosis, after surgery
and at recurrence. (A) In April 2014, brain lesions were found following an
MRI scan of the patient. (B) After surgery, no lesions were found on
follow-up in April 2015. (C, D) The right temporal (C) and occipital (D)
recurrence in November 2015. The white arrow represents the lesion.

SUPPLEMENTARY FIGURE 2

DNA NGS results for lung lesion. (A) Integrative Genomic Viewer (IGV)
snapshot showing KRAS mutation (V14l). (B, C) IGV snapshot showing
TP53 mutations (R213* and R273H). (D) IGV snapshot showing FGFR3-
TACCS3 fusion

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.948933/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.948933/full#supplementary-material
https://doi.org/10.3389/fonc.2022.948933
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

References

1. WangJ, Qi F, Wang Z, Zhang Z, Pan N, Huai L, et al. A review of traditional
Chinese medicine for treatment of glioblastoma. Biosci Trends (2020) 13:476-87.
doi: 10.5582/bst.2019.01323

2. Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barnholtz-Sloan JS.
CBTRUS statistical report: Primary brain and other central nervous system tumors
diagnosed in the United States in 2011-2015. Neuro-Oncol (2018) 20:iv1-86.
doi: 10.1093/neuonc/noy131

3. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJB,
et al. Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma.
N Engl ] Med (2005) 352:987-96. doi: 10.1056/NEJMo0a043330

4. Hamard L, Ratel D, Selek L, Berger F, van der Sanden B, Wion D. The brain
tissue response to surgical injury and its possible contribution to glioma recurrence.
J Neurooncol (2016) 128:1-8. doi: 10.1007/s11060-016-2096-y

5. Cohen MH, Shen YL, Keegan P, Pazdur R. FDA Drug approval summary:
bevacizumab (Avastin) as treatment of recurrent glioblastoma multiforme.
oncologist (2009) 14:1131-8. doi: 10.1634/theoncologist.2009-0121

6. Medikonda R, Dunn G, Rahman M, Fecci P, Lim M. A review of glioblastoma
immunotherapy. ] Neurooncol (2021) 151:41-53. doi: 10.1007/s11060-020-03448-1

7. Conzo G, Docimo G, Mauriello C, Gambardella C, Esposito D, Cavallo F, et al.
The current status of lymph node dissection in the treatment of papillary thyroid
cancer. a literature review. Clin Ter (2013) 164:¢343-346. doi: 10.7417/CT.2013.1599

8. Qiu L, Zhao X, Shi W, Sun S, Zhang G, Sun Q, et al. Real-world treatment
efficacy of anti-programmed death-1 combined with anti-angiogenesis therapy in
non-small cell lung cancer patients. Med (Baltimore) (2020) 99:€20545.
doi: 10.1097/MD.0000000000020545

9. Liu JF, Herold C, Gray KP, Penson RT, Horowitz N, Konstantinopoulos PA,
et al. Assessment of combined nivolumab and bevacizumab in relapsed ovarian
cancer: A phase 2 clinical trial. JAMA Oncol (2019) 5:1731-8. doi: 10.1001/
jamaoncol.2019.3343

10. Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing
cancer immunotherapy using antiangiogenics: Opportunities and challenges. Nat
Rev Clin Oncol (2018) 15:325-40. doi: 10.1038/nrclinonc.2018.29

11. Nayak L, Molinaro AM, Peters K, Clarke JL, Jordan JT, de Groot J, et al.
Randomized phase II and biomarker study of pembrolizumab plus bevacizumab
versus pembrolizumab alone for patients with recurrent glioblastoma. Clin Cancer
Res (2021) 27:1048-57. doi: 10.1158/1078-0432.CCR-20-2500

12. Lun M, Lok E, Gautam S, Wu E, Wong ET. The natural history of
extracranial metastasis from glioblastoma multiforme. J Neurooncol (2011)
105:261-73. doi: 10.1007/s11060-011-0575-8

13. Pasquier B, Pasquier D, N°’Golet A, Panh MH, Couderc P. Extraneural
metastases of astrocytomas and glioblastomas: Clinicopathological study of two
cases and review of literature. Cancer (1980) 45:112-25. doi: 10.1002/1097-0142
(19800101)45:1<112::aid-cncr2820450121>3.0.¢052-9

Frontiers in Oncology

06

10.3389/fonc.2022.948933

14. Smith DR, Hardman JM, Earle KM. Metastasizing neuroectodermal tumors
of the central nervous system. J Neurosurg (1969) 31:50-8. doi: 10.3171/
jns.1969.31.1.0050

15. Liu J, Shen L, Tang G, Tang S, Kuang W, Li H, et al. Multiple extracranial
metastases from glioblastoma multiforme: A case report and literature review. J Int
Med Res (2020) 48:1-10. doi: 10.1177/0300060520930459

16. Anghileri E, Castiglione M, Nunziata R, Boffano C, Nazzi V, Acerbi F, et al.
Extraneural metastases in glioblastoma patients: two cases with YKL-40-positive
glioblastomas and a meta-analysis of the literature. Neurosurg Rev (2016) 39:37-45.
doi: 10.1007/s10143-015-0656-9

17. Romero-Rojas AE, Diaz-Perez JA, Amaro D, Lozano-Castillo A, Chinchilla-
Olaya SI. Glioblastoma metastasis to parotid gland and neck lymph nodes: fine-
needle aspiration cytology with histopathologic correlation. Head Neck Pathol
(2013) 7:409-15. doi: 10.1007/s12105-013-0448-x

18. Zhen L, Yufeng C, Zhenyu S, Lei X. Multiple extracranial metastases from
secondary glioblastoma multiforme: A case report and review of the literature.
J Neurooncol (2010) 97:451-7. doi: 10.1007/s11060-009-0044-9

19. Cunha MLVD, Maldaun MVC. Metastasis from glioblastoma multiforme: a
meta-analysis. Rev Assoc Med Bras 1992 (2019) 65:424-33. doi: 10.1590/1806-
9282.65.3.424

20. Sun Q, Xu R, Xu H, Wang G, Shen X, Jiang H. Extracranial metastases of
high-grade glioma: The clinical characteristics and mechanism. World J Surg Oncol
(2017) 15:181. doi: 10.1186/s12957-017-1249-6

21. Zhang G, Huang S, Zhang ], Wu Z, Lin S, Wang Y. Clinical outcome of
gliosarcoma compared with glioblastoma multiforme: A clinical study in Chinese
patients. ] Neurooncol (2016) 127:355-62. doi: 10.1007/s11060-015-2046-0

22. Frandsen S, Broholm H, Larsen VA, Grunnet K, Moller S, Poulsen HS, et al.
Clinical characteristics of gliosarcoma and outcomes from standardized treatment
relative to conventional glioblastoma. Front Oncol (2019) 9:1425. doi: 10.3389/
fonc.2019.01425

23. Noch EK, Sait SF, Farooq S, Trippett TM, Miller AM. A case series of
extraneural metastatic glioblastoma at memorial Sloan Kettering cancer center.
Neuro-Oncol Pract (2021) 8:325-36. doi: 10.1093/nop/npaa083

24. Luan X-Z, Wang H-R, Xiang W, Li S-J, He H, Chen L-G, et al. Extracranial
multiorgan metastasis from primary glioblastoma: A case report. World J Clin
Cases (2021) 9:10300-7. doi: 10.12998/wjcc.v9.i33.10300

25. Reinhorn D, Jacobi O, Icht O, Dudnik E, Rotem O, Zer A, et al. Treatment
beyond progression with immune checkpoint inhibitors in non-small-cell lung
cancer. Immunotherapy (2020) 12:235-43. doi: 10.2217/imt-2019-0131

26. Di Stefano AL, Fucci A, Frattini V, Labussiere M, Mokhtari K, Zoppoli P,
et al. Detection, characterization, and inhibition of FGFR-TACC fusions in IDH
wild-type glioma. Clin Cancer Res Off ] Am Assoc Cancer Res (2015) 21:3307-17.
doi: 10.1158/1078-0432.CCR-14-2199

frontiersin.org


https://doi.org/10.5582/bst.2019.01323
https://doi.org/10.1093/neuonc/noy131
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.1007/s11060-016-2096-y
https://doi.org/10.1634/theoncologist.2009-0121
https://doi.org/10.1007/s11060-020-03448-1
https://doi.org/10.7417/CT.2013.1599
https://doi.org/10.1097/MD.0000000000020545
https://doi.org/10.1001/jamaoncol.2019.3343
https://doi.org/10.1001/jamaoncol.2019.3343
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1158/1078-0432.CCR-20-2500
https://doi.org/10.1007/s11060-011-0575-8
https://doi.org/10.1002/1097-0142(19800101)45:1%3C112::aid-cncr2820450121%3E3.0.co;2-9
https://doi.org/10.1002/1097-0142(19800101)45:1%3C112::aid-cncr2820450121%3E3.0.co;2-9
https://doi.org/10.3171/jns.1969.31.1.0050
https://doi.org/10.3171/jns.1969.31.1.0050
https://doi.org/10.1177/0300060520930459
https://doi.org/10.1007/s10143-015-0656-9
https://doi.org/10.1007/s12105-013-0448-x
https://doi.org/10.1007/s11060-009-0044-9
https://doi.org/10.1590/1806-9282.65.3.424
https://doi.org/10.1590/1806-9282.65.3.424
https://doi.org/10.1186/s12957-017-1249-6
https://doi.org/10.1007/s11060-015-2046-0
https://doi.org/10.3389/fonc.2019.01425
https://doi.org/10.3389/fonc.2019.01425
https://doi.org/10.1093/nop/npaa083
https://doi.org/10.12998/wjcc.v9.i33.10300
https://doi.org/10.2217/imt-2019-0131
https://doi.org/10.1158/1078-0432.CCR-14-2199
https://doi.org/10.3389/fonc.2022.948933
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: The effective response to pembrolizumab in combination with bevacizumab in the treatment of a recurrent glioblastoma with multiple extracranial metastases
	Introduction
	Case report
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


