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ABSTRACT

Atezolizumab is a monoclonal antibody target-
ing the programmed death ligand 1 (PD-L1)
that was approved in 2017 in the USA and
Europe for the second-line treatment of
advanced or metastatic non-small cell lung
cancer (NSCLC). This review article describes
the practical clinical issues associated with ate-
zolizumab treatment in NSCLC using a combi-
nation of four illustrative cases and a narrative
literature review. The first two cases highlight
the importance of tumor mutational status
when making treatment decisions. A 62-year-
old man with epidermal growth factor receptor
(EGFR)-mutated, PD-L1-positive, stageIV lung
adenocarcinoma received treatment with sec-
ond-line atezolizumab + bevacizumab,
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carboplatin, and paclitaxel (BCP) after first-line
osimertinib. In the second case, a 63-year-old
man with stage IVb lung adenocarcinoma with
anaplastic lymphoma kinase (ALK) transloca-
tion received sixth-line treatment with ate-
zolizumab + BCP. The two final cases both had
extensive metastases. A S5-year-old woman
with EGFR-mutated lung adenocarcinoma
received second-line treatment with ate-
zolizumab + BCP after development of multi-
ple metastases, followed by
atezolizumab + bevacizumab until last follow-
up. A 42-year-old man with PD-L1-positive
pulmonary adenocarcinoma (negative for EGFR
mutations) developed liver and brain metas-
tases after several lines of therapy. He under-
went holocranial radiation and received
atezolizumab + BCP, which resulted in a
decrease in all measurable and evaluable
tumoral lesions. These illustrative cases indicate
that the type and number of mutations may
influence treatment response to atezolizumab,
and that atezolizumab may provide clinical
benefit in patients with high disease burden.
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Key Summary Points

Why carry out this study?

Targeted immunotherapies, such as
atezolizumab, have improved overall
survival in patients with advanced or
metastatic non-small cell lung cancer
(NSCLC) in clinical trials.

Understanding how to treat patients on
the basis of their targetable oncogenic
mutations or those usually excluded from
clinical trials (e.g., with treated brain
metastases or high disease burden) is
important for oncologists in the real-
world clinical setting.

Four cases of treatment with atezolizumab
plus bevacizumab, carboplatin, and
paclitaxel in patients with NSCLC after at
least one previous line of targeted therapy
are described to illustrate these clinical
issues.

What was learned from the study?

The presented cases suggest that both the
number and type of mutations may be
relevant for guiding treatment decisions
in NSCLC, and that patients with high
disease burden or brain metastases may
benefit from atezolizumab-containing
therapy.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13521968.

INTRODUCTION

Non-small cell lung cancer (NSCLC) is the most
common type of lung cancer and has a high rate

of mortality [1, 2]. According to global esti-
mates, lung cancer was the most commonly
diagnosed cancer in 2018 (11.6% of all new
cases) and the leading cause of cancer-related
mortality (18.4% of all cancer deaths) [3]. In a
US analysis of patients with NSCLC, the median
overall survival (OS) time after diagnosis was
only 13 months, and the estimated 4-year sur-
vival rate was between 22% and 28% [1]. How-
ever, OS has been improving over recent
decades as a result of novel treatments [1, 2],
including targeted therapies and
immunotherapies.

One such novel treatment is atezolizumab, a
monoclonal antibody targeting the pro-
grammed death ligand1 (PD-L1) [4]. Ate-
zolizumab was approved in the USA and Europe
for the second-line treatment of advanced or
metastatic NSCLC in 2017, based on the results
of the phasell POPLAR study [5] and the
phase III OAK study [6], in which atezolizumab
was associated with significantly better survival
compared with docetaxel. Since its approval,
the IMpower150 study has demonstrated that
atezolizumab in combination with beva-
cizumab, carboplatin, and paclitaxel (BCP) was
more effective than BCP alone as first-line
therapy in previously untreated patients with
metastatic non-squamous NSCLC [7].

The current review describes the practical
clinical issues associated with ate-
zolizumab + BCP in patients with NSCLC,
using a combination of illustrative case presen-
tations and a narrative literature review.

CASES ILLUSTRATING ROLE
OF MUTATIONAL STATUS

Patient 1

A 62-year-old man with no relevant medical or
surgical history was diagnosed with stage IIIC
lung adenocarcinoma (cT3cN3cMO) in January
2018. He was a former smoker with a 15 pack-
year history. Molecular testing showed an
L858R point mutation in epidermal growth
factor receptor (EGFR) exon 21 and a primary
T790M mutation in EGFR exon 20. The tumor
was PD-L1 positive, with a tumor proportion
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Fig. 1 Patient 1: Computed tomography scan of chest on
a March 25, 2019, showing mediastinal and retroperi-
toneal involvement, b June 6, 2019 after two cycles of
atezolizumab + BCP, ¢ October 5, 2019 indicating a

score (TPS) of 80% on immunohistochemistry
(pharmDx 28-8; DAKO, Glostrup, Denmark).
On February 1, 2018, he began first-line
treatment with osimertinib; the 12-week
assessment showed a partial response by
Response Evaluation Criteria In Solid Tumors
(RECIST) 1.1 criteria. Response continued until
March 2019, when the disease progressed to
stage IV with mediastinal and retroperitoneal
involvement (Fig. 1a). At this time, the patient
was asymptomatic and started second-line
treatment with atezolizumab in combination
with BCP, based on the results of the

(b)

(d)

maintained radiologic response, and d January 30, 2020
showing tumor progression after 13 weeks of maintenance
atezolizumab + bevacizumab. BCP bevacizumab, carbo-
platin, and paclitaxel

IMpower150 clinical trial [7]. After two cycles, a
computed tomography (CT) scan showed par-
tial response by RECIST 1.1 criteria (Fig. 1b),
and the patient was able to receive six cycles
without significant adverse events.

After confirming that the radiologic response
was maintained (Fig. 1c), he continued main-
tenance treatment with atezolizumab + beva-
cizumab. In February 2020, after 13 cycles,
tumor progression was noted (Fig.1d) and
treatment was discontinued. Biopsy showed
amplification and overexpression of c-MET, so
the patient initiated third-line treatment with
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telisotuzumab vedotin as part of a clinical trial
(NCT03539536).

Patient 2

A 63-year-old man was diagnosed with a
stage [IVb lung adenocarcinoma with a brain
metastasis (T2N3M1b) in February 2013. He was
a former smoker (20 pack-year history) with
occupational exposure to oil and its derivatives.

On June 13, 2013, he started induction
chemotherapy with cisplatin + pemetrexed,
undergoing radiosurgery for the brain lesion
after the first cycle. He showed a partial radio-
logic and metabolic response after two cycles of
cisplatin + pemetrexed, and a brain magnetic
resonance imaging (MRI) revealed a reduction
in the size of the brain metastasis.

He received two cycles of cisplatin + peme-
trexed from June 13 to June 24, 2013, followed
by radical-intent chemoradiation between
June 28 and September 6, 2013, consisting of a
60 Gy dose and two cycles of weekly pacli-
taxel + carboplatin; however, he was unable to
continue this treatment because of sustained
leukopenia.

A follow-up assessment on October 6, 2014,
found no signs of thoracoabdominal progres-
sion. Lesions consistent with metastases were
identified in the cerebellar vermis and the right
centrum semiovale; radiosurgery was adminis-
tered using 20.7 Gy and 20.9 Gy, respectively, at
these sites.

A CT scan on January 12, 2015, showed
hilar-mediastinal progression, and a biopsy of
the left hilar adenopathy showed that the
tumor had wild-type KRAS, was EGFR- and
BRAF-mutation negative, and had an anaplastic
lymphoma kinase (ALK) translocation. In
February 2015, he started second-line treatment
with crizotinib and had a partial response. A
brain MRI performed on November 3, 2015,
showed oligoprogression, for which he received
radiosurgery.

On April 4, 2016, he showed pulmonary
progression, and 2 weeks later, he started third-
line treatment with ceritinib as part of a clinical
trial, with a best response of stable disease.

Fig. 2 Patient 2: brain magnetic resonance imaging scan®™
results on a March 11, 2019, showing an increase in the
size and number of brain lesions, and b March 22, 2020,
after 4 cycles of atezolizumab + BCP followed by 13
cycles of maintenance atezolizumab + bevacizumab, and
chest computed tomography scan results on ¢ March 11,
2019, prior to, and d March 22, 2020, after atezolizumab-
based treatment

A CT scan on January 30, 2018, showed an
increase in the size of the space-occupying
lesions in the brain. On March 6 of the same
year, he initiated fourth-line treatment with
alectinib for metastases, with a best response of
stable disease. A further CT scan on July 23,
2018, showed left hilar adenopathy progression
and left upper lobe atelectasis. He started fifth-
line therapy for metastases with brigatinib on
September 5, 2018, and stable disease was his
best response.

The patient developed left hemiparesis on
January 16, 2019. A brain MRI on January 21
showed signs of radionecrosis, but an acute or
subacute ischemic event could not be ruled out.
Brain progression, with an increase in the size
and number of lesions, was detected in March
2019 (Fig. 2a), and he received hippocampal-
sparing whole brain radiation with focal boost
(45 Gy dose) on the lesions.

On May 8, 2019, he began sixth-line treat-
ment with atezolizumab + BCP. After four
cycles (ending on August 8, 2019), he started
maintenance treatment with ate-
zolizumab + bevacizumab, achieving a partial
brain response. In March 2020, he had received
13 cycles of maintenance treatment, and he
showed stable disease as assessed by brain MRI
(Fig. 2b) and CT scans of the chest (Fig. 2c, d),
abdomen, and pelvis.

CASES ILLUSTRATING
MANAGEMENT OF HIGH DISEASE
BURDEN

Patient 3

A 55-year-old non-smoking woman without
known morbidity was diagnosed with a
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stage IIIB lung adenocarcinoma (cT4N2) in June
2016. She received treatment with external
radiation therapy (dose administered, 66 Gy)
concomitantly with cisplatin and vinorelbine
(three cycles). A follow-up CT scan showed
partial response and the multidisciplinary
Committee on Thoracic Tumors recommended
surgical intervention. She underwent video-as-
sisted thoracic surgery consisting of an upper
right pulmonary lobectomy with systematic
hilar and mediastinal lymph node dissection on
October 5, 2016. Molecular analysis of the
excised tumor showed EGFR exon 19 deletion.

In March 2018, disease progression was
detected in lung, pleura, and bone, and in sub-
cutaneous tissue and the lymphatic system. On
March 27, she received palliative and

Contrast lodine

« 0

35mm ——F°

Fig. 3 Patient 3: Computed tomography of lumbosacral
region on a July 4, 2019, before and b October 8, 2019,
after three cycles of atezolizumab + BCP, showing partial

decompressive radiation therapy of the lumbar
spine (L5) at 8 Gy. Subsequently, in April 2018,
she started treatment with afatinib at
40 mg/day, and had a partial response. Afatinib
treatment continued until July 2019, when
imaging identified disease progression in the
liver and bone, and a sacral soft tissue mass
(Fig. 3a). Analysis of liquid and sacral mass
biopsy did not detect a resistant T790M muta-
tion on EGFR exon 20.

At this time, the patient’s Eastern Coopera-
tive Oncology Group (ECOG) performance sta-
tus was 2, and she was negative for PD-L1 (TPS
0%). On August 7, 2019, on the basis of the
results of the IMpower150 clinical trial [7], she
began second-line treatment with ate-
zolizumab + BCP. After three cycles she showed

response in the sacral soft tissue mass. BCP bevacizumab,
carboplatin, and paclitaxel
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a partial response (Fig.3b), and was able to
complete six cycles of treatment. However, the
patient developed febrile neutropenia and sep-
sis due to central catheter-related infections in
the second cycle leading to hospital admission;
grade 2 sensory neuropathy that reverted to
grade 1 after discontinuing paclitaxel and car-
boplatin; and grade 1 asthenia. She then con-
tinued treatment with
atezolizumab + bevacizumab. By June 2020,
she had completed 14 cycles of treatment
without relevant toxicities, but treatment was
interrupted at that time because a CT scan
showed progression of the liver and bone
metastases.

Patient 4

A 42-year-old man was diagnosed with
stage IIIB pulmonary adenocarcinoma
(cT4N2MO) in June 2018; at this time, he had an
ECOG performance status of 0. Molecular
analysis showed the tumor was negative for
EGFR mutations and ALK fusions, with PD-L1
expression on 30% of cancer cells. He was a
smoker at the time of diagnosis, smoking one
pack daily for 20 years (20 pack-years).

On August 22, 2018, treatment with cis-
platin, gemcitabine, and paclitaxel was started,
for a total of four 21-day cycles. Treatment was
well tolerated, with the exception of nausea and
asthenia (both grade 1). Repeat CT scans per-
formed in September 2018 after two treatment
cycles, and again in November after four treat-
ment cycles, revealed decreasing tumor volume,
with mediastinal contact still present; at this
time, results of a brain MRI were normal.

In December 2018, the man underwent a
right lower lobectomy; the right lower pul-
monary lobe was found to have well-differenti-
ated adenocarcinoma with an acinar pattern,
without evidence of vascular invasion, and no
visceral pleural infiltration. Surgical resection
margins were not affected. TNM staging at this
point was ypT1cNOMO. He subsequently
received consolidative radiation therapy on the
mediastinal bed; he had a performance status of
0 and no complications.

In October 2019, a follow-up examination
revealed a de novo pulmonary micronodule in
the control CT scan, but this was not seen on a
positron emission tomography-CT scan. In
February 2020, repeat CT scans revealed a
growth on the left perihilar pulmonary nodule
and a new right-hand micronodule. Metastases
were seen in several liver segments. As a result
of mild dizziness, a central nervous system
(CNS) MRI scan was performed in January 2020,
revealing the presence of brain metastases
(Fig. 4a).

Holocranial radiotherapy was administered,
finishing at the beginning of February 2020.
After 4 weeks, a repeat MRI did not show any
significant changes in the size of the brain
lesions. One month after discontinuing
holocranial radiotherapy, in the second week of
March 2020, he began treatment with four
21-day cycles of atezolizumab + BCP, followed
by atezolizumab + bevacizumab until disease
progression or toxicity. After two cycles, there
were no notable toxicities, and an assessment
performed at the end of April 2020 revealed a
decrease in all measurable and evaluable
tumoral lesions (Fig. 4b). By December 2020,
40 weeks after the start of atezolizumab + BCP,
the patient was still in partial response and was
being managed on chemotherapy-free mainte-
nance treatment with
atezolizumab + bevacizumab.

Compliance with Ethics Guidelines

Data on these patients were collected in accor-
dance with the Helsinki Declaration of 1964
and its later amendments concerning human
and animal rights. All patients provided written
informed consent to all the diagnostic and
therapeutic procedures, for the use of their
medical images, and for inclusion in this
manuscript. Ethical committee approval was
not required, as per Spanish law.

DISCUSSION

EGFR mutations are present in 10-20% of Cau-
casian patients and about 50% of Asian patients
with NSCLC [8]. The L858R point mutation in
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Fig. 4 Patient 4: Brain magnetic resonance imaging scan results in a January 2020 showing brain metastases and b April

2020 showing reduced lesion size after atezolizumab 4 BCP treatment. BCP bevacizumab, carboplatin, and paclitaxel

EGFR exon 21 identified in patient 1 at diagno-
sis is one of the most common “classical” EGFR
mutations, along with a deletion in exon 19 [§].
Together, these mutations represent 85% of
EGFR mutations. These activating mutations

make the tumor sensitive to tyrosine kinase
inhibitors (TKIs) and are an indication for
choosing a TKI agent as first-line therapy [9], as
occurred in patient 1. Indeed, current NSCLC
guidelines note the importance of molecular
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tumor analysis in determining first-line therapy
[9, 10]. In Europe, testing for mutations or
rearrangements of ALK, c-ros oncogene 1
(ROS1), and EGFR is considered mandatory, and
testing for BRAF V60OE mutations is important
in countries where BRAF/MEK inhibitors are
approved. Other tests include those for human
epidermal growth factor receptor 2 (HER2) and
MET exon mutations and for fusion genes in
RET and NTRKI1, which are all are considered
evolving biomarkers [10]. The US National
Comprehensive Cancer Network guidelines
recommend the biomarker test panel for non-
squamous NSCLC should, at a minimum,
include EGFR mutations, BRAF mutations, ALK
tusions, ROS1 fusions, and PD-L1 expression [9].

A primary T790M mutation in EGFR exon 20
is a resistance mutation and more likely to
coexist with an L858R mutation than with an
exon 19 deletion [11]. While osimertinib has
been shown to be effective in patients with a
primary T790M mutation, as shown in
patient 1, most patients with such mutations
progress within 1 year of starting osimertinib
[11]. Patient 1 also had high expression of PD-
L1 as shown by a TPS of 80%. This suggests that
this patient is a good candidate for
immunotherapy, but guidelines recommend
the use of targeted therapy first-line (before
immunotherapy) in patients with sensitizing
mutations because the response rate is likely to
be higher [9]. Once targeted therapy fails,
immunotherapy is indicated.

ALK rearrangements are the driving muta-
tions responsible for the development of NSCLC
in 3-7% of patients, and, as observed in
patient 2, these patients have a higher risk of
developing brain metastases than those with
other NSCLC subtypes [12]. The first-generation
ALK inhibitor crizotinib, used for second-line
treatment in patient 2, has antitumor advan-
tages over chemotherapy in this subtype of
patients; however, all patients eventually pro-
gress because of drug resistance [10]. Further-
more, the amount of crizotinib that crosses the
blood-brain barrier is negligible, which limits
its use in patients with brain metastases [10]. In
patients with crizotinib-resistant ALK-rear-
ranged NSCLC, one strategy is sequential treat-
ment with next-generation ALK inhibitors, such

as ceritinib, alectinib, or brigatinib [12], as used
in patient 2.

In the IMpower150 study, most patients had
wild-type EGFR and ALK, but 10% of patients
were EGFR-mutation positive and 8.5% were
ALK-rearrangement positive [7]. IMpower150 is
the only trial that has shown positive results
with immunotherapy in patients with EGFR- or
ALK-positive NSCLC [10]. OS in the population
that included patients with these mutations
receiving the atezolizumab + BCP regimen was
19.8 months, which was similar to that in the
population excluding patients with these
mutations (19.5 months), and significantly
longer than in the BCP group (15.0 months for
the whole population and 14.7 months for the
EGFR and ALK wild-type population) [13]. In
patients with EGFR mutations, OS was
29.4 months in the atezolizumab + BCP group
and 18.1 months in the BCP group [13]. Median
progression-free survival (PES) in patients with
EGFR mutations receiving  the ate-
zolizumab + BCP regimen was 9.7 months,
similar to the PFS in patients with wild-type
EGFR (8.3 months), and significantly longer
than in the BCP group irrespective of EGFR
mutation status (6.1 months and 6.8 months,
respectively, in the EGFR mutation and wild-
type groups receiving BCP) [7]. Similarly, med-
ian PFS was significantly longer in the ate-
zolizumab + BCP  group than in the
placebo + BCP group in patients with KRAS
mutations (8.1 vs. 5.8 months, respectively), as
well as in those with wild-type KRAS (9.7 vs.
5.8 months) [7].

The number of mutations, as well as the
type, may be relevant to treatment response to
atezolizumab. Data suggest that the survival
(PFS and OS) benefit of PD-L1 or PD-1 inhibitors
may be more marked in patients with a high
tumor mutation burden (TMB) than in those
with low TMB [14-16], although this result was
not seen in some trials [17, 18]. Recent data
from randomized trials show that a blood-based
assay for TMB can be a useful and valid bio-
marker for atezolizumab [19].

The cases of patients 3 and 4 illustrated the
use of atezolizumab in patients with high dis-
ease burden, which was characterized by
extensive metastases, including in the liver. In
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the IMPower150 study, 13% of patients had
liver metastases, and atezolizumab + BCP sig-
nificantly prolonged PFS and OS compared with
placebo + BCP in patients with or without liver
metastases [7, 20]. However, the difference in
PES and OS between the atezolizumab + BCP
group and the BCP group was more marked in
the cohort with liver metastases [7]. In the
group with liver metastases, the PFS hazard ratio
was 0.42 (median PFS 7.4 vs. 4.9 months for
atezolizumab + BCP  wvs. placebo + BCP),
whereas in the group without liver metastases
the PFS hazard ratio was 0.63 (median PFS 8.3
vs. 7.0 months, respectively) [7]; the OS hazard
ratio was 0.52 in the group with liver metastases
(median OS 13.3 vs. 9.4 months for ate-
zolizumab + BCP vs. placebo + BCP), and in
the group without liver metastases the OS haz-
ard ratio was 0.82 (median OS 20.4 vs.
17.0 months, respectively) [20].

In addition to liver metastases, patient 3 also
had bone metastases, which are associated with
significantly reduced survival in patients with
NSCLC [21, 22]. Moreover, bone metastases are
associated with significant pain, fatigue, and
disturbed sleep [23], which may negatively
affect the patient’s performance status. Indeed,
this patient had an ECOG performance status of
2. The IMpowerl50 study excluded patients
with ECOG performance status of 2 or higher
[7]; however, data indicate that between one-
third and one-half of patients with NSCLC have
poor performance status (e.g., ECOG PS of 2 or
higher) [24]. It is encouraging that patient 3,
who had multiple metastatic sites including in
the appendicular skeleton, was able to benefit
from treatment with atezolizumab over a pro-
longed period before disease progression.

The last case presented (patient 4) had both
liver and brain metastases at the time of starting
treatment with atezolizumab. Adenocarcino-
mas are the most common tumor type to
metastasize to the CNS, and 30-64% of patients
with NSCLC have CNS metastases [9, 10]. His-
torically, patients with brain metastases have
had a particularly poor prognosis [25], although
this is starting to change with the increasing
availability of novel agents. However, patients
with untreated brain metastases are usually
excluded from clinical trials, many of which

also exclude patients with treated brain metas-
tases. Indeed, both the POPLAR study and
IMPower150 excluded patients with untreated
CNS metastases [5, 7], with neither study
reporting on patients with treated brain
metastases.

Patient 4 described here received treatment
of brain metastases with holocranial radiother-
apy, and subsequently derived benefit from
atezolizumab treatment. The positive CNS
responses in this patient is consistent with
findings reported in the OAK trial [6]. In this
trial, which specified inclusion of patients with
treated, asymptomatic supratentorial CNS
metastases, subgroup analysis demonstrated a
survival benefit with atezolizumab compared
with docetaxel in patients with treated CNS
metastases at baseline, with a hazard ratio of
0.54 [95% confidence interval (CI) 0.31-0.94]
[6].

These findings for atezolizumab in patients
with brain metastases are also consistent with
those of a phase Il study of pembrolizumab in
patients with NSCLC (n = 18) or melanoma and
untreated brain metastases, in which pem-
brolizumab demonstrated activity in brain
metastases, with a response rate for brain
metastasis of 33% among patients with NSCLC
[26].

Although this case series provides valuable
information regarding the practical clinical
issues associated with atezolizumab + BCP
treatment, more well-designed studies are nee-
ded to develop evidence-based recommenda-
tions on immunotherapy to guide oncologists,
immunologists, and other specialists in the
management of patients with mutated NSCLC.

CONCLUSION

As more becomes known about the importance
of the various genetic mutations, rearrange-
ments, and expression profiles in NSCLC, test-
ing for targetable oncogenic alterations and
immuno-oncology therapy biomarkers is
becoming more and more essential for treat-
ment decisions [10]. The first two patients dis-
cussed here suggest that the number and type of
mutations may be relevant for guiding
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treatment decisions in NSCLC. To our knowl-
edge, atezolizumab + BCP is the only
immunotherapy combination that has demon-
strated efficacy in patients with mutated NSCLC
[7, 27], and these cases show that the results of
these studies have been transferred to clinical
practice. Another factor that should be consid-
ered when deciding upon a course of therapy is
a patient’s performance status. However, clini-
cal trials often exclude patients with poor per-
formance status; hence, the second two cases
described here of patients with NSCLC and high
disease burden (patients 3 and 4), who benefited
from atezolizumab-containing therapy over a
prolonged period, are particularly encouraging.
Finally, the CNS responses reported here suggest
that atezolizumab + bevacizumab may be an
important option for the significant unmet
need of treating brain metastases in NSCLC.
These observations provide valuable insights
into the practical clinical issues associated with
atezolizumab + BCP treatment in patients with
advanced or metastatic NSCLC. These illustra-
tive clinical cases may also help clinicians to
identify patients with NSCLC who will poten-
tially gain the most benefit from the use of
atezolizumab + BCP in routine clinical practice.
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