
Page 1 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(17):942 | https://dx.doi.org/10.21037/atm-22-4208

iMDT Corner

Lung cancer with brain metastases remaining in continuous 
complete remission due to pembrolizumab and temozolomide: a 
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Background: Immunotherapy has been shown to improve the overall survival (OS) in patients with 
advanced or metastatic non-small cell lung cancer (NSCLC) without driver gene mutations. However, 
monotherapy with immunotherapy alone or combined with chemotherapy in NSCLC patients with 
untreated brain metastases (BM) is still under debate. Data regarding treatment of BM with immunotherapy 
and temozolomide (TMZ) in patients with NSCLC is rare. 
Case Presentation: A 60-year-old male due to cough and expectoration presented in our hospital. Chest 
computed tomography (CT), brain magnetic resonance imaging (MRI) and immunohistochemistry of a 
mediastinal lymph node biopsy were administered, he was diagnosed with stage IIIB lung adenocarcinoma. 
Without driver gene mutations, he was treated with platinum-based chemotherapy because he refused to 
accept concurrent radiation therapy (RT). Heavy cough companied with hemoptysis and chest CT scan 
both revealed progressive disease (PD) after 6 cycles of chemotherapy. Immunotherapy was consequently 
considered, while two metastatic lesions in the brain were confirmed after combined treatment of 
pembrolizumab with docetaxel. TMZ was administered in combination with pembrolizumab (200 mg, day 1).  
A new metastasis in the right occipital lobe was detected on a scan 1 month later, though the other 2 lesions 
continued to shrink. The treatment was continued, MRI and CT scans suggested complete response 
(CR) was achieved for both the BM and lung lesions after 3 cycles. Consolidation therapy with TMZ and 
pembrolizumab (100 mg) per month was considered for another 7 months. Maintenance monotherapy 
with pembrolizumab (100 mg) was selected because of his stable CR status. At 59 months since diagnosis, 
the patient remains alive, with CR for both the primary lesions and BM. The patient experienced slight 
numbness on each side of his feet. There was no occurrence of adverse effects greater than grade 3. 
Conclusions: The data indicates that immunotherapy combined with TMZ for untreated BM in NSCLC 
patients maybe an efficient and safe decision making therapeutic choice. Despite the encouraging efficacy 
of the combination, it is an isolated case and the speculation of synergism need to be proved in further 
pharmacokinetic/pharmacodynamic studies even in large randomized controlled trials. 
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Introduction

Brain metastases (BM) are highly prevalent in non-small 
cell lung cancer (NSCLC), notably at diagnosis, and always 
indicate a fairly poor prognosis, with a median survival of 
less than 6 months among untreated patients (1-3). Although 
immunotherapy (in association or not to chemotherapy) 
has become an integral approach for advanced NSCLC 
treatment, the main therapeutic options for BM patients 
with NSCLC are surgical resection and radiation therapy 
(RT), which frequently include stereotactic radiosurgery 
and whole-brain radiation therapy (WBRT), accompanied 
by a risk of consequential neurotoxicity as high as 35% (4-8). 

Anti-programmed cell death-1 (PD-1) therapy has been 
recommended as second-line therapy in NSCLC patients 
with progressive disease (PD) after a platinum-based regimen 
and a positive tumor proportional score (≥1%) (9). Although 
there have been many clinical trials of anti-PD-1 therapy 
for metastatic NSCLC patients, most have excluded such 
patients with untreated BM (10-14). To date, the only 
perspective phase II clinical trial of pembrolizumab for 
patients with untreated or progressive BM of melanoma 
and NSCLC had addressed the efficacy of pembrolizumab 
only for patients with BM, with a 33% intracranial objective 
response rate in 18 NSCLC patients. The enrolled patients 
with a BM size restriction between 5 mm and 20 mm were 
treated with pembrolizumab 10 mg/kg every 2 weeks until 
PD (15). 

Chemotherapeutic drugs such as carboplatin combined 
with pemetrexed are beneficial for survival in BM patients 
with NSCLC (16), although their efficacy is greatly 
limited by the blood-brain barrier (BBB) and toxicity. 
Temozolomide (TMZ) is an oral alkylating agent with the 
characteristics of small molecular weight, wide antitumor 
spectrum, and lipophilicity (17). It has schedule-dependent 
activity in treating primary brain tumors and metastatic 
carcinoma and passes the BBB efficiently (18-20). 

Immunotherapy, both as monotherapy and combination 
therapy with chemotherapy exert actions against BM 
in NSCLC patients (10,21-23). Pooled analysis of 
KEYNOTE-021, -189, and -407 retrospectively exploratory 
analyzed pembrolizumab plus platinum-based chemotherapy 
improved outcomes across all PD-L1 subgroups; even 
patients with BM achieved 18.8 months median overall 
survival (OS) yet only 7.6 months in chemotherapy alone (24).  
However, real world data in the ESCKEYP GFPC study 
revealed that there were no significant differences in 
response rates, progression-free survival, and OS in patients 

regardless of BM status with first-line immunotherapy (25). 
Varieties of retrospective clinical studies have revealed that 
immunotherapy combined with radiation therapy showed a 
survival benefit compared with exclusively systemic therapy 
in NSCLC BM patients (26,27). The best radiotherapy 
modality and chronological sequence to immunotherapy 
are still rarely reported. In addition, related studies on 
immunotherapy exacerbating radionecrosis were reported 
(28-30). Hence, optimal combination modalities with 
immunotherapy balancing on efficiency and safety in BM 
patients with NSCLC are urgently explored. Herein, we 
present a rare case of a 60-year-old male diagnosed with 
advanced NSCLC who achieved complete response (CR) 
for both primary lung lesions and multiple untreated BM 
after systematic combination therapy with pembrolizumab 
and oral temozolomide. Furthermore, with gradual and 
exploratory reduction of the pembrolizumab dose, the 
patient achieved continuous complete remission; the 
survival time has reached 59 months to date, with tolerable 
side effects. This RT sparing approach need to be confirmed 
in both preliminary studies and large randomized controlled 
trials. We present the following article in accordance with 
the CARE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-4208/rc).

Case presentation

All procedures performed in this study were in accordance 
with the ethical standard of the institutional and/or national 
research committee(s) and with the Declaration of Helsinki 
(as revised in 2013). Written informed consent was obtained 
from the patient’s daughter. A copy of the written consent is 
available for review by the editorial office of this journal.

A 60-year-old Chinese man with a 40-pack-year 
smoking history presented to our hospital due to cough 
and expectoration in February 2017. No other symptoms 
were demonstrated. The patient did not have a family 
history of cancer or any other specific medical history, 
and his physical cardiopulmonary examination was 
normal. He had a body surface area of 1.89 m2 and an 
Eastern Cooperative Oncology Group (ECOG) score 
of 1. Chest computed tomography (CT) revealed a right 
middle lobe mass (2.7 cm × 2.1 cm) and metastasis in the 
right lower pulmonary hilum (5.0 cm × 6.2 cm), with 
mediastinal lymph node enlargement. Brain magnetic 
resonance imaging (MRI) showed multiple lacunar cerebral 
infractions in frontoparietal lobe. Immunohistochemical 
staining of a mediastinal lymph node biopsy confirmed 
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lung adenocarcinoma, with CK7, TTF1, and Napsin A 
positivity, as examined by endobronchial ultrasonography. 
Immunohistochemistry indicated that the lung tumor 
cells was 95% positive for programmed death ligand-1 
(PD-L1). Genetic analysis looked for the following gene 
status: EGFR, ROS1, ALK, BRAF, and C-MET. RET and 
NTRK were not examined. However, no driver mutations 
were detected. Based on the patient’s age, clinical 
manifestations, the results of imaging, histopathology, and 
immunohistochemistry of a mediastinal lymph node biopsy, 
the diagnosis of right NSCLC, stage IIIB (T4N2M0) was 
confirmed. 

After carefully considering the risk and benefit of 
concurrent chemoradiation, the patient refused treatment 
with RT. Informed consent was provided by the patient in 
February 2017, and cisplatin combined with pemetrexed 
was administered as first-line chemotherapy. A partial 
response (PR) was achieved after 4 cycles of combination 

chemotherapy. Discussion with radiation oncologists 
was conducted to determine whether thoracic radiation 
therapy should be initiated immediately. Due to poor 
pulmonary function with bilateral pulmonary bullae and 
an increased tumor load, 2 more chemotherapeutic options 
were considered. Unfortunately, after the fifth cycle of 
chemotherapy, radiological evaluation showed PD. The 
regimen was changed to cisplatin plus gemcitabine as 
second-line chemotherapy starting in June 2017; however, 
after 1 cycle, the patient experienced hemoptysis and the 
radiological data indicated PD (Figure 1A). 

Thus, a concurrent regimen combining pembrolizumab 
and docetaxel was selected as third-line therapy from July 
2017. After 2 cycles, a reduction in the size of the right 
lower pulmonary hilar mass was quickly confirmed by chest 
CT examination (Figure 1B). Brain MRI in September 2017 
demonstrated multiple craniocerebral metastatic lesions 
in the left frontal lobe and cerebellum, with a maximum 
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Figure 1 Images of chest CT and brain MRI. (A) Chest CT presentations of the right lower pulmonary hilar mass before combination 
therapy of ICIs with docetaxel in July 2017. (B) Chest CT presentations of the right lower pulmonary hilar mass after two cycles of 
treatment of ICIs combined with docetaxel in September 2017. (C) Brain MRI of left frontal lobe metastases after two cycles of treatment 
of ICIs combined with docetaxel in September 2017. (D) Brain MRI of left cerebellum metastases after two cycles of treatment of ICIs 
combined with docetaxel in September 2017. CT, computed tomography; MRI, magnetic resonance imaging; ICIs, immune checkpoint 
inhibitors. 
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diameter of 2.1 cm × 1.5 cm (Figure 1C,1D). With dramatic 
hemoptysis relief and asymptomatic BM, pembrolizumab 
was continued; docetaxel was replaced with 250 mg of 
TMZ (132 mg/m2/d) per day for 5 days in October 2017. 
Although after 1 cycle treatment of TMZ combined with 
pembrolizumab, craniocerebral metastatic lesions in the 
left frontal lobe and cerebellum continued to shrink (Figure 
2A,2B), a new metastasis was detected by MRI in the 
right occipital lobe, with a maximum diameter of 1.3 cm 
× 1.0 cm (Figure 2C). Without any discomfort, the patient 
remained on the combination therapy with TMZ plus 
pembrolizumab due to the continuous shrinking of both 
the lung lesions and BM (Figure 3A-3D). In January 2018, 
the patient achieved a CR for both the primary lung lesions 
and BM (Figure 3E-3H).

Pembrolizumab was then reduced to 100 mg per month 
with 250 mg of oral TMZ on days 1–5. The treatment was 
considered consolidation for half a year from February to 
August 2018, and monotherapy with pembrolizumab (100 mg  
per month) was maintained for another 24 months until 
July 2020.The patient currently remains alive with CR for 
both primary lesions and BM. The last follow-up time was 
in January 2022. Exudative inflammation in the left lower 
lobe was observed after the initial treatment of docetaxel 
with pembrolizumab, which was relieved with antibiotics 
instead of corticosteroids in September 2017. The patient 
experienced slight numbness on each side of his feet, which 
did not affect his daily life. We have summarized the clinical 
history and therapeutic process in Figure 4.

Discussion

We are reporting the first case of a patient with an advanced 
NSCLC with BM who achieved CR for both primary lung 
lesions and multiple untreated BM with pembrolizumab 
combined with systematic oral TMZ chemotherapy, with 
tolerable toxicity. Patient remains in remission with a 
normal quality of life as of January 2022, over 5 years from 
the original diagnosis of lung cancer and almost 5 years 
from the diagnosis of BM. 

Overall, treatment for BM is challenging due to 
significant heterogeneity of the disease (31). Patients 
with a unique or a limited number of BM are considered 
eligible for treatment with complete surgical resection 
or stereotactic radiosurgery, and WBRT is preferably 
administered to pat ients  with mult iple  BM (32) . 
Complications following stereotactic radiosurgery 
such as radio necrosis and WBRT such as permanent 
neurocognitive impairment may outweigh the benefits 
(33,34). Therefore, RT sparing management has become 
increasingly attractive (35). Because of the limitation of the 
ability of platinum compounds to cross the BBB and target 
BM, immune checkpoint inhibitors (ICIs), which reactivate 
the T-cell immunity against tumor cells, have been 
used (36). In contrast to platinum-based chemotherapy, 
pembrolizumab, a highly selective humanized monoclonal 
IgG4-kappa isotope antibody against PD-1, has been shown 
to improve OS in patients with advanced or metastatic 
NSCLC without detectable driver gene mutations when 
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Figure 2 Images of brain MRI. Multiple metastases after one cycle combination therapy of TMZ with pembrolizumab. (A) Brain MRI of 
left frontal lobe metastases after one cycle combination therapy of TMZ with pembrolizumab. (B) Brain MRI of left cerebellum metastases 
after one cycle combination therapy of TMZ with pembrolizumab. (C) Brain MRI of a new metastases detected in the right occipital lobe 
after one cycle combination therapy of TMZ with pembrolizumab. MRI, magnetic resonance imaging; TMZ, temozolomide. 
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Figure 3 Scans of chest and brain following TMZ and ICIs therapy. (A) Chest CT presentations of the right lower pulmonary hilar mass 
after two cycles of treatment of TMZ combined with ICIs in November 2017. (B) Brain MRI of left frontal lobe metastases after two cycles 
of treatment of TMZ combined with ICIs in November 2017. (C) Brain MRI of left cerebellum metastases after two cycles of treatment 
of TMZ combined with ICIs in November 2017. (D) Brain MRI of the right occipital lobe metastases after two cycles of treatment of 
TMZ combined with ICIs in November 2017. (E) CR in the right lower pulmonary hilar mass in January 2018. (F) CR in left frontal lobe 
metastases in January 2018. (G) CR in left cerebellum metastases in January 2018. (H) CR in right occipital lobe metastases in January 2018. 
TMZ, temozolomide; ICIs, immune checkpoint inhibitors; CT, computed tomography; MRI, magnetic resonance imaging; CR, complete 
remission. 
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Figure 4 Timeline listing the clinical history and therapeutic interventions. PD, progressive disease; BM, brain metastases; CR, complete 
remission; PP, pemetrexed and cisplatin; GP, gemcitabine and cisplatin; ICIs, immune checkpoint inhibitors; TMZ, temozolomide.

administered as monotherapy or in combination with 
chemotherapy (11,12,23,37,38). In a study, an updated 
analysis of pembrolizumab for untreated BM patients or 
progressive BM patients with NSCLC after RT has revealed 
that pembrolizumab exerts activity in brain tumors at rates 
similar to those observed in extracranial tumors. The enrolled 
patients with BM between 5 and 20 mm in size were treated 
with pembrolizumab 10 mg/kg every 2 weeks until PD (13). 
In cohort 1, patients were tested for PD-L1 expression 
levels of at least 1% and achieved a 29.7% objective 
response rate (4 CR); in contrast, patients in cohort 2 

showed PD-L1 expression less than 1% (or unevaluable) 
and had no BM response. The median time to BM 
responses was appropriately 1.8 months after the patients 
received a first or second assessment scan (13). In our case 
report, BM and lung lesion responses both occurred at the 
first disease assessment, which was approximately 2 months 
after the initiation of pembrolizumab, consistent with the 
above study. The first 5-year follow-up of a recent first-
line immunotherapy trial for NSCLC demonstrated that 
35 cycles of pembrolizumab at a dose of 200 mg once every 
3 weeks (for nearly 2 years) were beneficial in 39 patients, 
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with 82.1% of cases alive at the data cutoff (approximately 
5 years) and without grade 5 treatment-related adverse 
effects; untreated BM patients were excluded (39). In our 
case, we used a dose reduced pembrolizumab (100 mg every 
21 days) as maintenance therapy for over 2 years, indicating 
that lower doses might also be effective.

Due to its superior ability to cross the BBB, TMZ is 
approved for patients with glioblastoma (17). It has been 
reported that the concentration of TMZ in cerebrospinal 
fluid is only 20% of the serum concentration (40). Although 
a previous clinical trial showed that TMZ combined with 
WBRT led to a higher CR rate (38% vs. 33%; P=0.017) in 
patients with BM than WBRT alone, a higher occurrence 
of vomiting was observed in the combination group (41). 
The same results were observed in NSCLC patients with 
BM, with significant improvement in objective response 
rate and progression-free survival (6.0 vs. 3.5 months; 
P=0.038) with the TMZ+WBRT group, though the 
differences in OS were not significant (42). With regard to 
combination therapy with TMZ plus irinotecan or TMZ 
plus WBRT for BM originating from NSCLC, TMZ may 
control microscopic central nervous system disease (43,44). 
Nevertheless, TMZ combined with immunotherapy for BM 
patients is seldom used (45). As our patient had no central 
nervous system symptoms and the pulmonary hilar mass of 
the right lung was effectively controlled, addition of oral 
TMZ combined with pembrolizumab instead of WBRT 
and corticosteroids was recommended. Due to the lack of a 
safety profile regarding the dosage in NSCLC patients with 
BM, TMZ was administered under off-label use according 
to the oral dosing used in glioblastoma.

The efficacy of ICIs in NSCLC patients with BM was 
assessed in a prospective clinical trial by the Goldberg 
group, who found that ICIs have activity in BM after 
monotherapy with pembrolizumab (15). An updated 
analysis of 27 evaluable patients with PD-L1 expression 
>1% detected systemic responses for 3 cases of progressive 
BM disease (13). A similar manifestation was also observed 
in our patient, who showed progressive BM, even though 
the primary pulmonary lesions were reduced after treatment 
with pembrolizumab plus docetaxel. It should be noted 
that in that clinical trial, 2 of the 3 patients who had a PR 
in the body, but progressive BM, had a survival time of 
more than 2 years (13). Thus, it appears that a balance 

between immune surveillance and escape was achieved 
that prolonged the survivability of the tumor, rendering it 
difficult to eradicate completely or develop quickly. As our 
patient achieved continuous CR of both the primary tumors 
and BM after the combination therapy, we speculate that 
the effect of immunotherapy was probably synergistically 
augmented by changing the immune cells’ balance and 
increased immune surveillance induced by TMZ. 

There is encouraging preliminary data to support the 
clinical trials in which immunotherapy alone or combined 
with RT deserve to be evaluated and patients with BM 
should not be excluded from active immune surveillance (35). 
However, preliminary evidence regarding the treatment 
of BM with TMZ in patients with NSCLC is rare (46). 
In one study, in a murine model of glioblastoma, dramatic 
chimeric antigen receptors (CARs) proliferation and 
enhanced persistence in the circulation were observed in the 
TMZDI pretreated group, as opposed to non-pretreated 
group where CARs showed poor expansion and survival 
in the circulation accompanied by PD in syngenetic and 
orthotopic gliomas (47). Moreover, CR was achieved for 
established brain tumor, as examined by bioluminescent 
imaging (47). In addition, TMZ exposure may affect DNA 
repair and result in selective cells with mismatch repair 
(MMR) inactivation which might increase the mutational 
load and promote continuous renewal of neoantigens in 
human colorectal cancers, as associated with response to 
ICIs (48-50). Moreover, TMZ may also reduce the number 
of circulating regulatory T cells rather than effector T 
cells in advanced melanoma patients, with a large number 
of activated effector T cells preserved in the tumor 
microenvironment (51,52).

In summary, monotherapy with immunotherapy alone or 
combined with RT in NSCLC patients with untreated BM 
is still under debate. As adverse events of RT may decrease 
quality of life in long-term survivors, ICIs combined with 
TMZ may be a well-tolerated, novel RT-sparing strategy 
for NSCLC patients with BM. The concrete mechanism 
of synergism and additivity between immunotherapy and 
TMZ in NSCLC BM is still uncertain. The limitation of 
these data is that it is an isolated case report, so preliminary 
evidence on the efficacy and safety of this strategy need to 
be confirmed to support development of more robust large 
randomized controlled trials. 
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Questions to be further discussed and 
considered

How to judge whether the new right occipital lobe 
metastases is a new locus or pseudoprogression after 
the first cycle of combination therapy of TMZ with 
pembrolizumab. If there is the very latest development in 
radiological examination or biomarkers to differentiate 
them besides pathological biopsy. 

Paul Hofman: From my point of view it is more a new 
locus than a pseudoprogression development since a 
pseudoprogression usually developed from a preexisting 
already diagnosed lesion. Quite difficult to distinguish 
between pseudoprogression and tumor progression 
radiologically. To the best of my knowledge some artificial 
intelligence programs are under developed for trying to 
make this distinction? No biological biomarkers currently 
to the best of my knowledge.

Maciej M. Mrugala: It would not be a pseudoprogression 
if there was no lesion there previously. It is a very short 
period of time between the start of treatment and when the 
lesion was found. Advanced imaging such as PET scan or 
MRI perfusion could have been helpful. I understand none 
of the brain lesions were biopsied. I suggest we also review 
the initial scans where the strokes were found to make sure 
we are separating strokes from the presumed metastases.

In the clinical trial design part of KEYNOTE-021 and 
KEYNOTE-189, pembrolizumab plus chemotherapy 
were administered for up to 35 cycles. In our case, 
pembrolizumab was continuously maintained for nearly  
5 years with good tolerance and free of recurrence. 
Whether such maintenance treatment with ICIs for BM 
make sense for a patient acquired CR.

Paul Hofman: There is no current international guidelines 
I think in this setting. So it can make sense if no associated 
toxicity is visible?

Maciej M. Mrugala: In the case report you indicate 
pembrolizumab was used for a little over 2 years, not  
5 years: “The treatment was considered consolidation for 
half a year from February to August 2018, and monotherapy 
with pembrolizumab (100 mg per month) was maintained 
for another 2 years until July 2020. The patient currently 
remains alive with CR for both primary lesions and BM. 
The last follow-up time was in January 2022”. Please, 
clarify. Any conclusions based on case report have to be very 
cautious, so I would not elaborate any further here.

Various retrospective clinical studies have tried to provide 
evidence that ICIs may reverse the poor prognosis in 
NSCLC patients with BM. However, little has been done 
in those BM patients which were often excluded in clinical 
trials. How could we design a rather scientific and serious 
single-center small sample clinical trial of TMZ combined 
with ICIs for treatment of NSCLC with BM. 

Paul Hofman: Definitively it is necessary to set up a 
prospective study with different arms including a control 
arm with the current gold standard treatment regimen.

Maciej M. Mrugala: Great idea to design a Phase II, 
single arm study for this indication. This is a discussion 
separate from this paper. 

In this case, I think we should do even more, what 
other work should we perform to elaborate the concrete 
synergistical mechanisms of TMZ and ICIs, if we think so.

Paul Hofman: Any idea in the treatment of primary brain 
malignant tumors?

Maciej M. Mrugala: You could discuss more about the 
immune environment of the brain and specifically brain 
with metastases and provide some additional hypotheses 
why do you think there is synergy between pembrolizumab 
and TMZ.
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