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IMPORTANCE Antiangiogenic drug combinations with anti–programmed cell death 1 protein
and anti–programmed cell death 1 ligand 1 (PD-L1) agents are a novel treatment option for
lung cancer. However, survival remains limited, and the activity of these combinations for
tumors with high tumor mutation burden (TMB) is unknown.

OBJECTIVE To assess the clinical benefits and safety of atezolizumab plus bevacizumab for
patients with high-TMB advanced nonsquamous non–small cell lung cancer (NSCLC).

DESIGN, SETTING, AND PARTICIPANTS This multicenter, single-arm, open-label, phase 2
nonrandomized controlled trial (Atezolizumab Plus Bevacizumab in First-Line NSCLC Patients
[TELMA]) included treatment-naive patients aged 18 years or older with confirmed stage
IIIB-IV nonsquamous NSCLC with TMB of 10 or more mutations/megabase and no EGFR, ALK,
STK11, MDM2, or ROS1 alterations. From May 2019 through January 2021, patients were
assessed at 13 sites in Spain, with follow-up until February 28, 2022.

INTERVENTIONS Participants were given atezolizumab, 1200 mg, plus bevacizumab, 15
mg/kg, on day 1 of each 21-day cycle. Treatment was continued until documented disease
progression, unacceptable toxic effects, patient withdrawal, investigator decision, or death.

MAIN OUTCOMES AND MEASURES The primary end point was 12-month progression-free
survival (PFS) rate (according to Response Evaluation Criteria in Solid Tumours, version 1.1
criteria); PFS was defined as the time from enrollment to disease progression or death.
Adverse events were monitored according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.0.

RESULTS A total of 307 patients were assessed for trial eligibility, of whom 266 were ineligible for
enrollment. Of the 41 patients enrolled, 3 did not fulfill all inclusion criteria and were excluded.
The remaining 38 patients (28 [73.7%] male; mean [SD] age, 63.7 [8.3] years) constituted the
per-protocol population. The 12-month PFS rate was 51.3% (95% CI, 34.2%-66.0%), which met
the primary end point. The 12-month overall survival (OS) rate was 72.0% (95% CI,
54.1%-83.9%). The median PFS was 13.0 months (95% CI, 7.9-18.0 months), and the median OS
was not reached. Of the 38 patients, 16 (42.1%) achieved an objective response and 30 (78.9%)
achieved disease control. The median time to response was 2.8 months (IQR, 2.8-3.58 months),
with a median duration of response of 11.7 months (range, 3.57-22.4 months; the response was
ongoing at cutoff). Of 16 responses, 8 (50.0%) were ongoing. Most adverse events were grade 1
or 2. For atezolizumab, the most common adverse events were fatigue (6 [15.8%]) and pruritus
(6 [15.8%]). For bevacizumab, they were hypertension (10 [26.3%]) and proteinuria (4 [10.5%]).
Drug discontinuation occurred in 2 patients receiving atezolizumab (5.3%) and 3 patients
receiving bevacizumab (7.9%). PD-L1 levels were not associated with response, PFS, or OS.

CONCLUSIONS AND RELEVANCE These findings suggest that atezolizumab with bevacizumab is
a potential treatment for high-TMB nonsquamous NSCLC.
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F rontline treatment options for patients with advanced or
metastatic non–small cell lung cancer (NSCLC) have
changed radically with the incorporation of immuno-

therapy into treatment algorithms.1 Immune checkpoint inhibi-
tors targeting programmed cell death 1 protein (PD-1; eg, pem-
brolizumab and nivolumab), programmed cell death 1 ligand
1 (PD-L1; eg, atezolizumab), and cytotoxic T lymphocyte–
associated antigen 4 (eg, ipilimumab), either as monotherapy or
combined with chemotherapy, modify the tumor microenvi-
ronment and have emerged as a new standard of care for pa-
tients without actionable driver sequence variations.2-9 How-
ever, only a minority of tumors respond, and long-term survival
for most patients remains poor. Atezolizumab has been ap-
proved as monotherapy for first-line treatment of patients with
metastatic NSCLC whose tumors have high PD-L1 expression
(either ≥50% of tumor cells or ≥10% of tumor-infiltrating im-
mune cells) and no EGFR alteration or ALK translocation.7,10

Pathological angiogenesis caused by proangiogenic factors
such as vascular endothelial growth factor (VEGF) prevents im-
munecellsfrominfiltratingtumorsefficiently,favoringresistance
toimmunecheckpointblockade.11 Theuseofantiangiogenicdrugs
can reprogram the tumor microenvironment, increasing the ef-
fectiveness of immunotherapy.12-14 Based on the results from the
open-label phase 3 Impower150 trial,8,15 atezolizumab in combi-
nation with the humanized anti–VEGF-A monoclonal antibody
bevacizumab plus carboplatin and paclitaxel has also been ap-
provedforthefirst-linetreatmentofpatientswithmetastaticnon-
squamous NSCLC regardless of PD-L1 expression.

Identifying predictive biomarkers for patient selection
beyond PD-L1, which has limitations, particularly when im-
mune checkpoint inhibitors are given in combination, is one
of the critical challenges in immuno-oncology. Tumor muta-
tion burden (TMB), a measure of the total amount of somatic
coding sequence variations in a tumor that may function as
neoantigens recognized by the immune system, has recently
emerged as a promising biomarker.16,17 In NSCLC, PD-L1 and
TMB have been found to be independent biomarkers.18-20 In
general, patients with cancer with high TMB (≥10 mutations/
megabase [mut/Mb] in tissue samples or ≥16 mut/Mb in blood
samples measured by the FoundationOne CDx gene panel
[Foundation Medicine]) are more likely to show improved ob-
jective response, durable benefit, and progression-free sur-
vival (PFS) from immune checkpoint blockade.21,22

We report the results of a single-arm, open-label, phase 2
nonrandomized controlled trial (Atezolizumab Plus Bevaci-
zumab in First-Line NSCLC Patients [TELMA]) that evaluated
the efficacy of atezolizumab in combination with bevaci-
zumab as first-line treatment for patients with locally ad-
vanced or metastatic nonsquamous NSCLC with high TMB (≥10
mut/Mb or ≥16 mut/mB in tissue or blood samples, respec-
tively) and no EGFR or ALK alterations. The primary efficacy
end point was the rate of PFS at 12 months.

Methods
Study Design and Patients
TELMA is a multicenter, open-label, single-arm, phase 2 non-
randomized controlled trial (NCT03836066). Patients were

eligible for the study if they were aged 18 years or older and
had histologically or cytologically confirmed, treatment-
naive, stage IIIB-IV nonsquamous NSCLC according to the
International Association for the Study of Lung Cancer Staging
Manual in Thoracic Oncology, 8th Edition23,24; measurable
disease at baseline according to the Response Evaluation
Criteria in Solid Tumours, version 1.1 (RECIST v1.1)25; a baseline
Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1; adequate hematologic and organ function; and
a high-intermediate TMB, defined as 10 mut/Mb or more when
determined on archival tumor tissue samples or tissue samples
obtained through biopsy at prescreening using the US Food &
Drug Administration–approved FoundationOne CDx assay or
as 16 mut/Mb or more when measured on circulating tumor
DNA (ctDNA) in blood samples. Patients were excluded if they
had known genomic alterations in EGFR, ALK, STK11/LKB1,
MDM2, or ROS1 genes; autoimmune disease; or active or
untreated central nervous system metastases. Full details of
the inclusion and exclusion criteria are listed in the trial
protocol in Supplement 1 and the eResults in Supplement 2.
This study was performed in accordance with the International
Conference on Harmonization Good Clinical Practice
guideline26 and the Declaration of Helsinki.27 All patients
provided written informed consent before enrollment, and the
protocol was approved by the clinical research ethics
committee of the Hospital Puerta de Hierro-Majadahonda. This
study followed the Transparent Reporting of Evaluations With
Nonrandomized Designs (TREND) reporting guideline.

Procedures
Patients were assessed at 13 sites in Spain from May 2019
through January 2021. The total trial duration was 4.5 years,
including 1.5 years of recruitment, treatment, and follow-up
(until February 28, 2022). Participants were given atezoli-
zumab, 1200 mg, plus bevacizumab, 15 mg/kg, on day 1 of each
21-day (±3 days) cycle by intravenous infusion. Day 1 of cycle
1 treatment started within 1 to 5 days from enrollment. Treat-
ment was continued until documented disease progression,
unacceptable toxic effects, patient withdrawal, investigator de-
cision, or death. If toxic effects were clearly attributed to 1

Key Points
Question What are the outcomes of atezolizumab plus
bevacizumab for treatment of patients with advanced
nonsquamous non–small cell lung cancer (NSCLC) with high tumor
mutation burden?

Findings This multicenter, single-arm, open-label, phase 2
nonrandomized controlled trial including 38 adults found a
favorable safety profile of atezolizumab plus bevacizumab, with
51.3% progression-free survival at 12 months and durable
responses for patients with advanced nonsquamous NSCLC with
high tumor mutation burden and no EGFR or ALK genomic
alterations.

Meaning The findings suggest that atezolizumab plus
bevacizumab could become a standard treatment in this patient
population.
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agent, that drug alone could be discontinued as long as the pa-
tient did not present with disease progression. Patients were
allowed to continue receiving atezolizumab after apparent ra-
diographic progression provided the benefit-to-risk ratio was
judged to be favorable.

Tumor assessments by computed tomography imaging
were done during screening (within 28 ± 12 days before en-
rollment) and every 12 weeks (±7 days) from day 1, cycle 1, un-
til disease progression or loss of clinical benefit as applicable
for patients who continued atezolizumab treatment beyond
initial disease progression. The planned schedule of com-
puted tomography scans was maintained even if a delay in
treatment administration occurred. Response was assessed
according to RECIST v1.1.

Laboratory tests assessing hematologic characteristics,
blood chemistry parameters, and thyroid function and uri-
nalysis were done within 14 days before enrollment and within
3 days prior to day 1 administration of each cycle. Adverse
events (AEs) and abnormal laboratory findings were graded ac-
cording to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events, version 4.0.28 Investigators as-
sessed whether AEs were treatment related according to the
study protocol and standard regulatory requirements. Mo-
lecular methods, including TMB, PD-L1, blood cell counts, bio-
chemistry, ctDNA, and flow cytometry analyses, are de-
scribed in the eResults in Supplement 2.

End Points
The primary end point was investigator-assessed, 12-month
PFS by RECIST v1.1 criteria. Progression-free survival was de-
fined as the time from enrollment to the first occurrence of
disease progression or death from any cause, whichever oc-
curred first. Secondary end points included investigator-
assessed overall response rate (ORR), duration of response
(DOR), and time to response according to RECIST v1.1; 1-year
overall survival (OS) rate; ORR and PFS according to PD-L1 ex-
pression; and safety and tolerability of atezolizumab plus beva-
cizumab combination therapy.

Prespecified exploratory end points included evaluation of
the clinical utility of the TMB reports describing druggable al-
terations or driver sequence variations that may influence treat-
ment selection (KRAS, EGFR, BRAF, HER2, MET, ALK, RET, and
ROS1) in patients with TMB less than 10 mut/Mb; OS and ORR
accordingtotheTMBdeterminationinbloodandtumorsamples;
and peripheral blood immune cells and plasma levels of soluble
factors and their changes during treatment as well as their cor-
relation with clinical variables associated with treatment effi-
cacy (PFS, OS, ORR, and DOR) and AEs. Additional end points
are described in the eMethods in Supplement 2.

Statistical Analysis
Progression-free survival, OS, and ORR were assessed in the per-
protocol population, which included all patients who received
at least 2 cycles of atezolizumab plus bevacizumab combina-
tion therapy or had at least the first tumor response evaluation
carried out. The sample size was based on the number of events
needed to demonstrate efficacy for the primary end point. For 1
arm, as an alternative hypothesis, we estimated achievement of

a 12-month PFS rate of 40% (vs 18% as a null hypothesis achieved
in previous studies with chemotherapy), with a 90% power at
an α of 5% (1-sided test). The test statistic for survival probabil-
ity was based on the nonparametric estimate of the survival dis-
tribution. Thus, with an estimation of 10% of errors, withdraw-
als, or other causes reducing the number of eligible patients, it
was considered necessary to recruit 40 patients.

We used the Kaplan-Meier method to estimate PFS, OS, DOR,
and corresponding 95% CIs. The reverse Kaplan-Meier method
was used to calculate the median follow-up time and corre-
sponding IQR. Categorical variables were presented as abso-
lute and relative frequencies and numerical variables as mean
(SD) or median (IQR). Spearman rank correlation coefficient was
used for bivariate analysis. Comparisons between groups were
done using nonparametric tests (Mann-Whitney U test or Wil-
coxon signed rank test for 2 groups and Kruskal-Wallis test with
Bonferroni correction for 3 or more groups). Cox proportional
hazards regression models were used to assess the association
of study variables with survival outcomes. P ≤ .05 was consid-
ered statistically significant, and all statistical tests were 2-sided.
Statistical analyses were performed using GraphPad Prism soft-
ware, version 8.0 (Dotmatics).

Results
Patient Characteristics
From May 2019 through January 2021, a total of 307 patients
were assessed for eligibility at the 13 sites. Of these patients,
266 were ineligible for enrollment (149 with a TMB <10 mut/
Mb, 41 with a TMB ≥10 mut/Mb but with other noneligibility
reasons, 13 with a TMB that could not be determined, 24 with
no tumor or an invalid sample, 21 with an insufficient sample,
and 18 with other reasons).

Of the 41 patients enrolled (intention-to-treat population),
3 did not fulfill all inclusion criteria and were excluded (eRe-
sults in Supplement 2). The remaining 38 patients constituted
the per-protocol population (12.3% of total screened patients)
(eFigure 1 in Supplement 2). Overall, 10 patients (26.3%) were
female, 28 (73.7%) were male, 36 (94.7%) were current or for-
mer smokers (median pack-years, 45; IQR, 30-74), 16 (42.1%) had
a baseline ECOG performance status of 0, and 22 (57.9%) had a
baseline ECOG performance status of 1. The mean (SD) age was
63.7 (8.3) years. The most frequent histological type was adeno-
carcinoma (35 patients [92.1%]), and 32 patients (84.2%) had
stage IV disease (14 patients [36.8%] had stage IVA, and 18 pa-
tients [47.4%] had stage IVB) (Table 1). The most common co-
morbidities were hypertension (19 patients [50.0%]), dyslipe-
mia (17 [44.7%]), chronic obstructive pulmonary disease (12
[31.6%]), and diabetes (11 [28.9%]) (eTable 1 in Supplement 2).
As of February 28, 2022 (data cutoff), the median duration of
follow-up was 22.1 months (IQR, 15.4-24.5 months).

Primary End Point
As of data cutoff, 26 of 38 patients in the per-protocol popu-
lation (68.4%) had experienced disease progression or had died:
12 patients (31.6%) had disease progression and were alive, and
14 patients (36.8%) had disease progression and died. The 12-

Research Original Investigation Atezolizumab Plus Bevacizumab for Nonsquamous NSCLC With High Tumor Mutation Burden

346 JAMA Oncology March 2023 Volume 9, Number 3 (Reprinted) jamaoncology.com

Downloaded From: https://jamanetwork.com/ by a Fundacio Joan Costa Roma User  on 08/03/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.5959?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5959
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.5959?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5959
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.5959?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5959
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.5959?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5959
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.5959?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5959
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5959


month PFS rate was 51.3% (95% CI, 34.2%-66.0%; 96% data
maturity), which met the study primary objective. The corre-
sponding rate at 18 months was 31.1% (95% CI, 16.9%-46.4%;
92% data maturity), and the median duration of PFS was 13.0
months (95% CI, 7.9-18.0 months) (Figure 1A).

Secondary End Points
The OS rate was 86.6% (95% CI, 70.8%-94.2%) at 6 months,
72.0% (95% CI, 54.1%-83.9%) at 12 months, and 62.3% (95%
CI, 43.8%-76.2%) at 18 months (Figure 1B). Median OS was not
reached at the time of analysis.

Figure 1. Kaplan-Meier Estimates of Progression-Free Survival and Overall Survival in the Per-Protocol Population
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Table 1. Baseline Patient Demographic and Clinical Characteristics

Characteristic Patients (N = 38)a

Age, mean (SD), y 63.7 (8.3)

Sex

Female 10 (26.3)

Male 28 (73.7)

BMI, mean (SD) 25.4 (4.1)

Smoking history

Former (≥1 y) 21 (55.3)

Never (≤100 cigarettes per lifetime) 1 (2.6)

Smoker 15 (39.5)

Unknown 1 (2.6)

Pack-years, median (IQR) 45 (30-74)

White raceb 38 (100)

ECOG performance status

0 16 (42.1)

1 22 (57.9)

Histologic characteristics

Adenocarcinoma 35 (92.1)

Large cell carcinoma 1 (2.6)

NOS or undifferentiated 2 (5.3)

Cancer stage

IIIA 1 (2.6)

IIIB 3 (7.9)

IVA 14 (36.8)

IVB 18 (47.4)

Other 2 (5.3)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
ECOG, Eastern Cooperative Oncology
Group; NOS, not otherwise specified.
a Per-protocol population. Data are

presented as number (percentage)
of patients unless otherwise
indicated.

b Race was ascertained by self-report
and was included in the analysis to
control for possible associations
with treatment outcomes or toxic
effects.
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According to RECIST v1.1 criteria, 16 of 38 patients in the
per-protocol population (42.1%) achieved an objective re-
sponse (0 complete responses and 16 partial responses) and
30 (78.9%) achieved disease control (Table 2 and Figure 2A).
The median time to response was 2.8 months (IQR, 2.8-3.58
months), with a median DOR of 11.7 months (range, 3.57-22.4
months; the response was ongoing at cutoff). Responses were
durable, with 8 of 16 responses (50.0%) ongoing at cutoff. Of
the 8 patients who had a partial response but subsequently had
disease progression, 4 (50.0%) were alive at cutoff (Figure 2B).

Safety
All-grade AEs associated with atezolizumab treatment oc-
curred in 29 of 38 patients in the per-protocol population
(76.3%). The most common grade 1 or 2 AEs associated with

atezolizumab were fatigue (6 of 38 patients [15.8%]), pruritus
(6 [15.8%]), anorexia (5 [13.2%]), and diarrhea (4 [10.5%]). Grade
3 or 4 AEs associated with atezolizumab treatment were re-
ported in 5 patients (13.2%), including increased alanine ami-
notransferase level (1 of 38 patients [2.6%]), arthralgia (1
[2.6%]), arthritis (1 [2.6%]), diarrhea (1 [2.6%]), and increased
serum amylase level (1 [2.6%]). All-grade AEs associated with
bevacizumab treatment occurred in 23 of 38 patients in the per-
protocol population (60.5%). The most common grade 1 or 2
AEs associated with bevacizumab were hypertension (10 of 38
patients [26.3%]), proteinuria (4 [10.5%]), anorexia (3 [7.9%]),
and diarrhea (3 [7.9%]). Grade 3 or 4 AEs associated with beva-
cizumab treatment were reported in 6 patients (15.8%) and
included hypertension (2 of 38 patients [5.3%]), increased
alanine aminotransferase level (1 [2.6%]), anal fistula (1 [2.6%]),
myocardial infarction (1 [2.6%]), and vascular disorders (1
[2.6%]). No treatment-related AEs leading to death occurred
(Table 3).

Adverse events leading to discontinuation of atezoli-
zumab occurred in 2 of 38 patients (5.3%; both grade 3 AEs),
AEs leading to a delay in atezolizumab administration oc-
curred in 9 of 38 patients (23.7%; 1 grade 1, 4 grade 2, and 4
grade 3 AEs), and AEs leading to atezolizumab dose omission
occurred in 3 of 38 patients (7.9%; all grade 3 AEs). Adverse
events leading to discontinuation of bevacizumab occurred in
3 of 38 patients (7.9%; 1 grade 2 and 2 grade 3 AEs), AEs lead-
ing to a delay in bevacizumab administration occurred in 9 of
38 patients (23.7%; 2 grade 1, 3 grade 2, and 4 grade 3 AEs), and
AEs leading to bevacizumab dose omission occurred in 10 of
38 patients (26.3%; 2 grade 1, 2 grade 2, and 6 grade 3 AEs)
(eTable 2 in Supplement 2).

Biomarkers
The PD-L1 tumor proportion score was available in 30 pa-
tients (78.9%). No association between PD-L1 tumor propor-
tion score and ORR, PFS, or OS was observed. Tumor muta-

Table 2. Investigator-Assessed Tumor Response
and Duration of Response

Response Patients (N = 38)a

Objective responseb 16 (42.1)

Best overall response

Complete response 0

Partial response 16 (42.1)

Stable disease 14 (36.8)

Progressive disease 7 (18.4)

Missing data 1 (2.6)

Time to response, median (IQR), mo 2.8 (2.8-3.58)

Duration of response, median (range), moc 11.7 (3.57-22.4)

a Per-protocol population. Data are presented as number (percentage) of
patients unless otherwise indicated.

b Defined as a confirmed complete response or partial response as ascertained
by the investigator according to Response Evaluation Criteria in Solid Tumours,
version 1.1. Only patients with measurable disease at baseline were included in
the analysis of patients achieving an objective response.

c Responses were ongoing at cutoff.

Figure 2. Tumor Response per Response Evaluation Criteria in Solid Tumours, Version 1.1
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alive, of whom 12 (31.6%) were free of recurrence. Twenty-six patients (68.4%)
had experienced disease progression or had died: 14 patients (36.8%) had
disease progression and died, and 12 (31.6%) had disease progression. PD
indicates progressive disease; PR, partial response; SD, stable disease.
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tion burden determined from tissue samples was available for
all patients (n = 38), and TMB was higher in patients with an
objective response, with a median TMB of 15.5 mut/Mb (IQR,
11.5-24.5 mut/Mb) compared with 13 mut/Mb (IQR, 10.5-15.0
mut/Mb) in patients with progressive disease or stable dis-
ease (P = .03). However, no differences were observed in PFS
or OS (eFigures 2-4 in Supplement 2).

The percentage of screened tumors with druggable altera-
tions was lower in the subgroup with TMB of 10 mut/MB or
more (14 of 82 patients [17.1%]) compared with the subgroup
with TMB less than 10 mut/Mb (56 of 149 patients [37.6%])
(P = .001) (eFigure 5 in Supplement 2). Regarding the per-
protocol population, sequence alterations in KRAS or P53 genes
had no association with ORR, PFS, or OS (eFigure 6 in Supple-
ment 2). However, the presence at diagnosis of at least 1
sequence variation in KEAP, RB1, VEGFA, PTEN, or HER2

(eFigure 7 in Supplement 2); elevated baseline lactate dehy-
drogenase or alkaline phosphatase plasma levels (eFigure 8 in
Supplement 2); and higher percentage of PD-1–positive pe-
ripheral blood T cells during treatment (eFigure 9 in Supple-
ment 2) was associated with worse prognosis. Flow cytom-
etry analysis of paired response and progression samples is
shown in eFigure 10 in Supplement 2. None of the patients who
showed a ctDNA decrease during treatment (n = 4) had died
(eFigure 11 in Supplement 2). Finally, the association of clini-
cal and molecular variables with PFS and OS were assessed
using Cox proportional hazards regression (eFigure 12 in
Supplement 2).

Discussion
Strategies to overcome treatment resistance and increase the
proportion of patients who benefit from immunotherapy in-

Table 3. Treatment-Related Adverse Events in All Recipients
of Atezolizumab Plus Bevacizumab

Adverse eventa

Patients, No. (%) (N = 38)

Grade 1 or 2
adverse event

Grade 3 or 4
adverse event

Atezolizumab

Alanine aminotransferase level
increased

0 1 (2.6)

Arthritis 0 1 (2.6)

Fatigue 6 (15.8) 0

Pruritus 6 (15.8) 0

Anorexia 5 (13.2) 0

Diarrhea 4 (10.5) 1 (2.6)

Vomiting 3 (7.9) 0

Arthralgia 2 (5.3) 1 (2.6)

Hypothyroidism 2 (5.3) 0

Mucositis oral 2 (5.3) 0

Nausea 2 (5.3) 0

Proteinuria 2 (5.3) 0

Rash acneiform 2 (5.3) 0

Serum amylase level increased 2 (5.3) 1 (2.6)

Skin and subcutaneous tissue disorder 2 (5.3) 0

Aphonia 1 (2.6) 0

Back pain 1 (2.6) 0

Creatinine concentration increased 1 (2.6) 0

Dizziness 1 (2.6) 0

Dry mouth 1 (2.6) 0

Dry skin 1 (2.6) 0

Dysgeusia 1 (2.6) 0

Edema limbs 1 (2.6) 0

Flatulence 1 (2.6) 0

Gastrointestinal disorders 1 (2.6) 0

General disorders and administration 1 (2.6) 0

Hepatobiliary disorders 1 (2.6) 0

Hypomagnesemia 1 (2.6) 0

Lipase increased 1 (2.6) 0

(continued)

Table 3. Treatment-Related Adverse Events in All Recipients
of Atezolizumab Plus Bevacizumab (continued)

Adverse eventa

Patients, No. (%) (N = 38)

Grade 1 or 2
adverse event

Grade 3 or 4
adverse event

Bevacizumab

Hypertension 10 (26.3) 2 (5.3)

Alanine aminotransferase level
increased

0 1 (2.6)

Anal fistula 0 1 (2.6)

Myocardial infarction 0 1 (2.6)

Vascular disorders 0 1 (2.6)

Proteinuria 4 (10.5) 0

Anorexia 3 (7.9) 0

Diarrhea 3 (7.9) 0

Fatigue 2 (5.3) 0

Gastrointestinal disorders 2 (5.3) 0

Mucositis oral 2 (5.3) 0

Aphonia 1 (2.6) 0

Arthralgia 1 (2.6) 0

Back pain 1 (2.6) 0

Dysgeusia 1 (2.6) 0

Flatulence 1 (2.6) 0

Gingival pain 1 (2.6) 0

Hypomagnesemia 1 (2.6) 0

Nausea 1 (2.6) 0

Neck pain 1 (2.6) 0

Oral hemorrhage 1 (2.6) 0

Periodontal disease 1 (2.6) 0

Pruritus 1 (2.6) 0

Respiratory, thoracic, and mediastinal
disease

1 (2.6) 0

Serum amylase level increased 1 (2.6) 0

Vomiting 1 (2.6) 0

a All adverse events that occurred during the trial period or within 30 days from
the last dose administration.
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clude the combination of PD-1 and PD-L1 inhibitors with con-
ventional cytotoxic chemotherapy and/or targeted therapies
as well as the identification of predictive biomarkers of
response.29-33 Thus, dual immune modulation with PD-1 and
PD-L1 and VEGF inhibitors has shown synergistic activity, pro-
viding clinical benefits over each therapy alone in different tu-
mor types, including NSCLC.4,8,34-39 Likewise, TMB has
emerged as a predictive biomarker for checkpoint inhibitor–
based immunotherapy in several cancer types, including
NSCLC.40-44

To our knowledge, TELMA is the first prospective study
to evaluate TMB as a biomarker to estimate survival benefit
associated with the combination of atezolizumab plus beva-
cizumab in treatment-naive patients with locally advanced or
metastatic nonsquamous NSCLC with no EGFR or ALK ge-
nomic alterations. In patients with a high TMB, the addition
of bevacizumab to first-line atezolizumab was associated with
an encouraging and durable survival benefit, with 51.3% of pa-
tients having progression-free disease and 72.0% of patients
being alive at 1 year. The median PFS was 13.0 months, while
the median OS was not reached at the time of analysis. The in-
vestigator-assessed ORR was 42.1%, and the median DOR was
11.7 months, with 50.0% of those with a response having
ongoing responses at the time of the last follow-up. The com-
bination of atezolizumab plus bevacizumab was well toler-
ated. Most treatment-related AEs were grade 1 or 2 and were
consistent with the known safety profile of each agent and the
underlying disease. New safety signals were not identified.

Although cross-trial comparisons are limited by study de-
sign and patient populations, in general, the survival benefit
observed in the TELMA study is encouraging considering that
of previously reported phase 3 trials, including the IMpower110
trial of atezolizumab monotherapy (12-month PFS and OS
rate in patients with high PD-L1 level of 36.9% and 64.9%,
respectively),7,10 the IMpower130 trial of atezolizumab plus car-
boplatin plus nab-paclitaxel (12-month PFS and OS rate re-
gardless of PD-L1 expression of 29.1% and 63.1%, respectively),6

the IMpower132 trial of atezolizumab plus carboplatin or cis-
platin plus pemetrexed (12-month PFS rate in patients with high
PD-L1 level of 46%),45 and the IMpower150 trial of atezoli-
zumab plus bevacizumab, carboplatin, and paclitaxel (me-
dian PFS of 12.6 months in patients with high PD-L1 level).4,8

In addition, the survival benefits associated with atezoli-
zumab plus bevacizumab in patients with a PD-L1 tumor pro-
portion score of 50% or more from the phase 2 @Be study46

were comparable to those in the TELMA study. The median PFS
was 15.9 months (12-month PFS rate, 54.9%), and the median
DOR was 10.4 months; the median OS was not reached at the
time of analysis. The ORR in the @Be study (64.1%) was higher
than the ORR in the TELMA study (42.1%).

Of note, the population in the TELMA study had some-
what worse basal characteristics than the population in the @Be

study46 (ie, higher proportion of patients with an ECOG per-
formance status of 1 [57.9% vs 35.9%] and higher proportion
of patients with stage IVB disease [47.4% vs 38.5%]), which may
have negatively impacted the outcomes. In this sense, bio-
markers of tissue damage, such as elevated plasma levels of
lactate dehydrogenase or alkaline phosphatase, were associ-
ated with worse PFS and OS in our study.47

PD-L1 and TMB are independent biomarkers of response
to immunotherapy in most cancer types,48 and the combina-
tion of both may be better at predicting outcomes than any
single biomarker.41 In our study, there was no correlation be-
tween TMB and PD-L1 levels, similar to previous results in un-
selected populations for TMB. Of note, it has been shown that
the overlap between blood-based TMB and PD-L1 positivity
ranges between 10% and 15% of cases.7,41 These data suggest
that the patients who benefited from the atezolizumab plus
bevacizumab combination in the @Be study46 and those in the
TELMA study were 2 different but similarly sensitive subpopu-
lations. In addition, our results seem to indicate that PD-L1 lev-
els have no added value in estimating response or survival in
the population with high TMB.

Limitations
Our study has limitations, including the single-arm study
design, the limited patient cohort size, the incomplete
follow-up period for long-term survival analysis, and the
reduced number of blood samples available for exploratory
studies. Even so, the 12-month survival rates reported in both
the TELMA study (72.0%) and the @Be study (70.6%)46 are
higher than or noninferior to the best-reported rates with
atezolizumab.4,6-8,10,45 In addition, our results are in line
with those of previous studies4,8,46 showing that the inci-
dence of treatment-related AEs of grade 3 or higher is less
frequent with the combination of atezolizumab plus bevaci-
zumab than with chemotherapy-containing regimens,
resulting in a lower treatment discontinuation rate owing to
toxic effects.

Conclusions
In this nonrandomized controlled trial, we found that the
combination of atezolizumab plus bevacizumab as first-line
treatment for patients with advanced nonsquamous NSCLC
with high TMB and no EGFR or ALK genomic alterations was
associated with encouraging survival rates and durable
responses, with a favorable safety profile. The superiority—or
noninferiority—of the combination compared with PD-1 and
PD-L1 inhibitor monotherapy or in combination with chemo-
therapy in patients with high TMB warrants further study,
and this combination may become a standard treatment in
this population.
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Invited Commentary

Atezolizumab Plus Bevacizumab in TMB-High Non−Small Cell Lung Cancers—
The Hunt for Predictive Biomarkers to Optimize Treatment Selection
Biagio Ricciuti, MD; Mark M. Awad, MD, PhD

Expression of programmed cell death 1 (PD-1) ligand 1 (PD-
L1) on tumor cells represents the most widely used clinical bio-
marker for predicting response to immune checkpoint inhibi-
tion in non−small cell lung cancer (NSCLC). However, even

among advanced NSCLCs
with high PD-L1 expression
on 50% or more of tumor

cells, only a minority of patients will respond to treatment
with first-line PD-L1 inhibitors, such as pembrolizumab,
atezolizumab, and cemiplimab, highlighting the pressing
need to identify more effective therapeutic strategies as
well as more precise biomarkers of immunotherapy activity
in lung cancer.

To tackle these unmet needs, in this issue of JAMA Oncol-
ogy, Dr Provencio and colleagues1 present the results of the At-
ezolizumab Plus Bevacizumab in First-Line NSCLC Patients
(TELMA) study, an open label, phase 2, multicenter clinical trial
evaluating a novel first-line combination of atezolizumab (a
PD-L1 inhibitor) in combination with bevacizumab (a vascu-
lar endothelial growth factor inhibitor) in 38 patients with ad-
vanced nonsquamous NSCLC. In this study, enrollment was
restricted to patients with NSCLCs with a high tumor muta-
tion burden (TMB), which is a measure of somatic coding mu-
tations in the cancer’s genome. The majority of patients en-
rolled in this study were men (74%), and all but 1 patient had
a history of tobacco use. The study met its primary end point
with a 12-month progression-free survival (PFS) rate of 51.3%
(95% CI, 34.2%-66.0%; data maturity, 96%).

Despite several studies showing an association between
a high TMB and improved outcomes to immunotherapy in can-
cer, incorporation of TMB as a predictive biomarker into rou-
tine clinical practice has been challenging for several rea-
sons. Different DNA sequencing techniques performed on the
same tissue sample have been associated with different esti-
mates of TMB, and there is lack of consensus on how to opti-
mally harmonize TMB values across these various platforms.
Additionally, tumor-only next-generation sequencing, as is
done with the FoundationOne CDx assay (Foundation Medi-
cine), relies in part on bioinformatic approaches to subtract

common germline polymorphisms from somatic mutation call-
ing; this may lead to inflated TMB values, particularly among
minority populations, which are largely underrepresented in
germline polymorphism reference databases, and could po-
tentially produce inappropriate patient selection for TMB-
based immunotherapy studies.2 To address this potential
bias, paired tumor and germline sequencing, which is not
broadly available, may provide more accurate TMB esti-
mates for clinical use.

Furthermore, unlike binary lung cancer biomarkers, such
as EGFR mutation status, the emergence of more continuous
biomarkers, such as TMB and PD-L1, has also raised the ques-
tion of how best to determine an optimal cut point to accu-
rately predict the likelihood of a treatment response. For
inclusion into the TEMLA study, NSCLCs had to have a high
TMB, defined as 10 or more somatic coding mutations per
megabase (mut/Mb) on a tissue sample per results of the Foun-
dationOne CDx assay or 16 mut/Mb or more on a blood-based
circulating tumor DNA assay (FoundationOne Liquid CDx). This
cut point of 10 mut/Mb or more previously led to the tumor-
agnostic FDA approval of pembrolizumab for high-TMB solid
tumors with no satisfactory alternative treatment options,
based on the KEYNOTE 158 study3 that demonstrated a higher
response rate (30% vs 6%) and an improved 12-month PFS rate
(26% vs 13%) compared with cancers that had a TMB lower than
10 mut/Mb. Although patients with NSCLCs were not en-
rolled in KEYNOTE-158, the TMB cut point of 10 mut/Mb or
more was explored in the CheckMate 227 study4 of ipilim-
umab plus nivolumab compared with platinum doublet che-
motherapy for the first-line treatment of advanced NSCLC.
Although the findings of the CheckMate 227 study showed im-
provements in the overall response rate (ORR) and PFS with
the combination of CTLA-4 plus PD-1 inhibition over chemo-
therapy in TMB-high NSCLC, an overall survival benefit was
not reported. Applying a single, universal value of 10 mut/Mb
for treatment selection across cancer types may have limited
value given differential tumor-specific response rates to im-
munotherapy, even in TMB-high cancers.5 Recent evidence
indicates6 that NSCLCs with a very high TMB of approxi-
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