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The development of resistance to tyrosine kinase inhibitors (TKIs) in metastatic non-small cell lung cancer
(NSCLC) with oncogenic driver mutations highlights the challenge in improving the survival of these patients.
The standard of care for ALK-rearranged advanced NSCLC refractory to various generations of ALK TKIs falls
back to the use of chemotherapy and the prognosis remains poor. We report the case of a 41-year-old lady with
an ALK-translocated metastatic lung adenocarcinoma, who demonstrated good response to an immune check-
point inhibitor, atezolizumab in combination with bevacizumab and chemotherapy (pemetrexed and carbopla-

tin), following disease progression on three generations of ALK TKIs. Six months into treatment, she continues to
show improvement in her health-related quality of life and is tolerating treatment well. Our case suggests that
this treatment regimen is a potential treatment option for TKI-refractory driver-mutated NSCLC.

1. Introduction

Treating anaplastic lymphoma kinase (ALK)-translocated metastatic
non-small cell lung cancer (NSCLC) with ALK tyrosine kinase inhibitors
(TKIs) is a validated molecular-targeted strategy that is superior to
chemotherapy in terms of progression-free survival (PFS) [1,2]. How-
ever, the durability of its clinical benefit remains limited by the emer-
gence of resistance to ALK TKI. The standard of care for metastatic
NSCLC with ALK translocation refractory to various generations of ALK
TKIs falls back to chemotherapy and the prognosis remains poor.

Immune checkpoint inhibitors (ICIs), specifically programmed
death-1 (PD-1) and programmed death-ligand 1 (PD-L1) inhibitors, have
revolutionized the treatment landscape of metastatic NSCLC with their
improved survival rates and controlled toxicity. Atezolizumab is the first
PD-L1 inhibitor to have shown robust efficacy in metastatic NSCLC [3,
4].

However, information on the efficacy of ICIs in advanced NSCLC
with oncogenic driver alterations remains scarce and contradictory.
Studies have shown low objective response rates and short median PFS
of 0.6-1.9 months with the use of ICI monotherapy in advanced NSCLCs
harboring ALK translocations regardless of PD-L1 expression status

[5-7]. The IMPOWER150 trial demonstrated that the addition of ate-
zolizumab to bevacizumab and chemotherapy significantly improved
median PFS (9.7 months vs. 6.1 months; hazard ratio, 0.59; 95% CI, 0.37
to 0.94) in metastatic NSCLC with ALK or EGFR alterations, albeit the
small number of ALK-positive patients in this study (n = 34, 4.3%) limits
definitive conclusions from being drawn in this subgroup of patients [4].
Regardless, findings of this landmark trial suggest that driver-mutated
NSCLC that has ceased to respond to TKIs may benefit from an atezoli-
zumab combination therapy.

Herein, we report the case of a young patient with ALK-positive
metastatic lung adenocarcinoma, with a remarkable response to a
combinatorial regimen of atezolizumab, bevacizumab, pemetrexed, and
carboplatin, following disease progression on three generations of ALK
TKIs.

2. Case report

In December 2014, a 41-year-old lady with no smoking history and
no symptoms was noted to have a nodule at the lingula of her left lung on
chest X-ray. A computed tomography (CT)-guided percutaneous biopsy
of the nodule was performed, and histopathological examination (HPE)
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confirmed adenocarcinoma. This patient underwent left thoracotomy
and wedge excision of the left lingula, left lower lobe, and pleural
nodules in January 2015. Multiple pleural nodules were noted intra-
operatively. The pathological stage was pT2NOM1la (Stage IV). The
tumor was found to be positive for ALK and negative for EGFR and
ROS1.

From 2015 up until 2020, she had received three generations of ALK
inhibitors; each switch in ALK inhibitor prompted by disease progres-
sion as per RECIST Criteria 1.1 [8]. She was first started on crizotinib, a
first-generation ALK inhibitor from February 2015 up until September
2016. She was then switched to ceritinib, a second-generation ALK in-
hibitor from September 2016 to May 2017, and subsequently to lorla-
tinib, a third-generation ALK inhibitor up until July 2020.

In July 2020, she presented with a two-day history of urinary
retention, severe pain at the sacrum causing immobility and paresthesia
at the S1 to S4 dermatome. On examination, a new left supraclavicular
fossa node was palpable. A biopsy was performed, and HPE confirmed
metastatic adenocarcinoma. Next-generation sequencing of the meta-
static lesion revealed ALK positivity. PD-L1 IHC testing was done using
SP142 and 22C3 assays. PD-L1 was found to be positive in the SP142
assay and PD-L1 expression was found to be high (tumor proportion
score > 50%) in the 22C3 assay. Magnetic resonance imaging (MRI) of
the spine showed extensive bone metastases with S1 pathological frac-
ture causing spinal canal stenosis at S1 and S2 (Fig. 1a and b). Positron
emission tomography—computed tomography (PET-CT) demonstrated
recurrence at the left lower lobe. There were extensive metastatic lesions
at the bone and liver (Figs. 2A, 3A and 4A). Her disease was progressing.
At this point, a spine surgeon was involved in her care. She was coun-
seled for minimally invasive stabilization surgery of L3 to the pelvis to
relieve her symptoms. This patient declined surgical intervention.

She was then started on atezolizumab (1200mg) combined with
bevacizumab (7.5mg/kg), pemetrexed (500mg/m?), and carboplatin
(AUC 5), every 3 weeks since the July 14, 2020.

Following her first cycle, improvement in her clinical symptoms was
observed. She had previously been bedbound due to her severe sacral
pain and had a urinary catheter inserted for urinary retention. Her pain
and paresthesia improved markedly following her first cycle of treat-
ment. She was able to ambulate using a walking frame and her urinary
retention resolved. There was also a significant decrease in her tumor
markers — carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (Cal9-9) (Figs. 5 and 6).

A PET-CT following Cycle 4 was arranged to assess treatment
response. There was a complete metabolic response of the liver lesions,
and a partial metabolic response of the bony lesions (Figs. 2B, 3B and
4B). A decrease in size of the left lower lobe pleural mass was noted
measuring 2.34 x 3.12cm (previously 2.47 x 3.63cm). Of note, this
patient regained her ability to ambulate independently. Her sacral pain
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and paresthesia improved significantly.

Following Cycle 4, she was continued on maintenance atezolizumab,
bevacizumab, and pemetrexed. At the point of writing, she has received
up to Cycle 8 of this treatment. This lady tolerated treatment well.
Treatment-related toxicities were mainly grade 1 nausea and grade 2
hypertension. She continues to show improvement in her health-related
quality of life. Her Ca19-9 continues to decrease while her CEA plateaus.

3. Discussion

We describe a patient with ALK-translocated metastatic lung
adenocarcinoma whose disease progressed on three generations of ALK
TKIs within a span of five years and subsequently responded to an ICI
combinatorial regimen comprised of atezolizumab, bevacizumab, car-
boplatin, and pemetrexed. Following the discontinuation of carboplatin
after the fourth cycle of treatment, the patient continued demonstrating
clinical and biochemical response, suggesting that the benefit of atezo-
lizumab, bevacizumab, and pemetrexed remained.

The emergence of resistance mutations during or after sequential
ALK TKIs narrows the subsequent therapeutic options available for this
group of patients. Examples of mutations include C1156Y/I1171N after
progression on sequential crizotinib, ceritinib, and alectinib, and
L1198F contributing to lorlatinib resistance [9]. The development of
such resistance is an expected consequence of tumor evolution.

There is a growing body of evidence that the strategy to target the
tumor micro-environment is to induce an anti-tumoral immune response
and inhibit angiogenesis. Vascular endothelial growth factor (VEGF),
the critical driver of tumor angiogenesis, is a potent immunosuppressive
factor in anti-tumor immunity [10]. The abnormal tumor vasculature
induced by VEGF serves as a physical barrier for cytotoxic T-cells [10].
Furthermore, VEGF inhibits the maturation of dendritic cells, thereby
interrupting T-cell priming against tumors [10]. There is pre-clinical
evidence demonstrating that anti-angiogenic therapy with
anti-vascular endothelial growth factor receptor 2 (VEGFR2) enhanced
the efficacy of anti-PD-L1 immunotherapy in pancreatic and breast
tumor mouse models [11]. VEGF inhibition reverses VEGF-mediated
immunosuppression and limits blood supply to the tumor [10]. The
reduction in tumor vasculature increases vascular permeability and may
enhance intra-tumoral T-cell infiltration and delivery of chemotherapy
into tumor cells [10,12]. Several mechanisms in which chemotherapy
has been found to increase the efficacy of immunotherapy include
enhancement of tumor antigen cross-presentation and elimination of
immunosuppressive cells such as T-regulatory cells [13-17].

Atezolizumab is an immune checkpoint inhibitor that binds to PD-L1,
an immune checkpoint protein and blocks its interaction with pro-
grammed death 1 (PD-1) and B7-1 receptors on T-cells (3). The inter-
action between PD-L1 and its receptors, PD-1 and B7-1 results in T-cell

Fig. 1. MRI of the whole spine demonstrating S1 pathological fracture with spinal canal stenosis at S1 and S2. (A) Sagittal view (B) Axial view.
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Fig. 2. PET-CT scans of the patient during treatment. (A) Baseline before treatment: Multiple avid pelvic bone lesions including right iliac bone (SUV 9.2), sacral
bone (SUV 9.2), right acetabulum (SUV 6.4), left iliac bone (SUV 7.7). (B) After 4 cycles of treatment: Partial metabolic response in left iliac bone (SUV 2.0) and sacral

bone (SUV 2.1), complete metabolic response in the remaining lesions.

Fig. 3. PET-CT scans of the patient during treatment. (A) Baseline before treatment: Avid bony lesions at the sternum (SUV 7.1), T2 (SUV 6.0), L1 (SUV 6.2), L4 (SUV
7.3), and L5 vertebrae (SUV 7.8) and sacral bone (SUV 9.2). (B) After 4 cycles of treatment: Partial metabolic response at L1 (SUV 2.3) and L5/S1 (SUV 2.1), complete

metabolic response in the remaining lesions.

dysfunction, hence, reducing the tumor-killing ability of effector T-cells
[18]. Hindering this interaction restores anti-tumor T-cell activity [18].
Bevacizumab is a humanized monoclonal antibody that selectively binds
circulating vascular endothelial growth factor (VEGF), thereby inhibit-
ing the binding of VEGF to its cell surface receptors [12].

Several phase 3 trials have demonstrated that ICI monotherapy is
ineffective for patients with driver-mutated NSCLC [3, 19]. It is postu-
lated that EML4-ALK fusion induces immune escape in NSCLC by
upregulating PD-L1 via the activation of downstream oncogenic
signaling pathways such as the PI3K-AKT pathway [20]. Hence, the

notion of altering tumor microenvironment via the synergistic effects of
immunotherapy, anti-angiogenesis, and chemotherapy is an appealing
combination strategy to improve the survival of this subgroup of pa-
tients after TKI failure. Findings of the IMPOWER150 trial consolidates
the above theories and pre-clinical evidence demonstrating significant
PFS benefit and an acceptable safety profile when atezolizumab is used
in combination with bevacizumab and platinum doublet chemotherapy
in driver-mutated NSCLC [4].

The use of atezolizumab, bevacizumab, carboplatin, and pemetrexed
in our case represents a novel combination that has yet to be explored in
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Fig. 4. PET-CT of the patient during treatment. (A) Baseline scan before treatment: Intra-hepatic avid lesions. (B) After 4 cycles of treatment: Complete meta-

bolic response.

Cal9-9(U/ml)

Fig. 5. Carbohydrate antigen 19-9 (Cal9-9) trend.

ALK-mutated metastatic NSCLC. The rationale of using pemetrexed in
this case is in tandem with evidence demonstrating superior overall
response rate and PFS in ALK-translocated patients with the use of
pemetrexed compared with EGFR mutant or wild type NSCLC patients
(46.7 versus 4.7 versus 16.2%, p = 0.001); 9.2 versus 1.4 versus 2.9
months, p = 0.001) [21]. In addition, Shaw et al. reported that among
patients who received platinum and pemetrexed combination in any
setting, ALK-positive patients showed a trend towards longer PFS
compared with the ALK-negative patients [22]. The authors offered a
possible explanation to this highlighting that thymidylate synthase (TS),
one of the key folate enzymes targeted by pemetrexed, is observed to be
lower in ALK-positive patients [22]. This is postulated to increase
pemetrexed sensitivity [22]. This applies to our patient who has an
ALK-translocated metastatic NSCLC.

The fact that our patient showed good response to this treatment
regimen with tolerable side effects highlights that the potential of such a
combination regimen may be realized without causing significant
treatment-related toxicities. Our patient had a good baseline Eastern
Cooperative Oncology Group (ECOG) performance status of 0. Upon
disease progression, a drastic decline in performance status was
observed due to the sacral pain and paresthesia secondary to her bone

metastases. The decision to offer an ICI combination therapy was made
given her age, good baseline performance status, and that her poor
performance status was potentially reversible if her disease responded to
treatment. Her performance status did improve significantly as her
disease responded to treatment. Carboplatin and pemetrexed were the
choices of platinum doublet chemotherapeutic agents in this case in
view of their favorable toxicity profiles [23,24].

Findings of the phase 2 trial on the use of atezolizumab, bev-
acizumab, pemetrexed, and carboplatin combination for metastatic
EGFR-mutated NSCLC after TKI failure demonstrated promising efficacy
and an acceptable safety profile (25). At a median follow-up of 11
months, the objective response rate was 62.5% and median PFS was 9.43
months (95% CI: 7.62-12.1 months) [25]. Grade 3 and above
treatment-related adverse events were reported in 37.5% of the patients
[25].

At the point of writing, there is an ongoing phase 2 randomized trial
investigating the use of carboplatin, pemetrexed, and bevacizumab,
with or without atezolizumab in stage 4 EGFR-mutated NSCLC [26]. The
subject on the optimal ICI combinatorial regimen in driver-mutated
NSCLC after TKI failure is of great importance and relevance in the
quest to prolong the survival of this subgroup of patients.



C.E. Von and H.G. Fuang

Respiratory Medicine Case Reports 34 (2021) 101478

CEA (ng/ml)

Fig. 6. Carcinoembryonic antigen (CEA) trend.

We believe that our case report is an essential contribution to the
scarce literature on the use of ICI combination therapy in ALK-positive
metastatic NSCLC. Further challenges moving forward include the
need to better define patients who may benefit from this novel combi-
nation, hence, necessitating the identification of biomarkers predicting
efficacy. The optimal timing and duration of treatment is an important
factor that will need to be addressed for the formulation of an effective
therapeutic model. We hope that our case report serves as an impetus for
further research to be done on this subject.

4. Conclusion

NSCLC is a malignancy with high incidence and poor prognosis. The
optimal approach in managing driver-mutated metastatic NSCLC that is
refractory to TKIs is a pertinent question that needs to be addressed to
improve the survival of these patients. The use of atezolizumab in
combination with bevacizumab and chemotherapy represents a prom-
ising therapeutic strategy. The use of this treatment regimen should be
researched more extensively to optimize its therapeutic benefits.
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