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Early on-treatment tumor growth rate (EOT-TGR) determines treatment
outcomes of advanced non-small-cell lung cancer patients treated with
programmed cell death protein 1 axis inhibitor
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Background: Tumor growth rate (TGR), denoted as percentage change in tumor size per month, is a well-established
indicator of tumor growth kinetics. The predictive value of early on-treatment TGR (EOT-TGR) for immunotherapy
remains unclear. We sought to establish and validate the association of EOT-TGR with treatment outcomes in
patients with advanced non-small-cell lung cancer (aNSCLC) undergoing anti-PD-1/PD-L1 (programmed cell death
protein 1/programmed death-ligand 1) therapy.
Patients and methods: This bicenter retrospective cohort study included a training cohort, a contemporaneously treated
internal validation cohort, and an external validation cohort. Computed tomography images were retrieved to calculate
EOT-TGR, denoted as tumor burden change per month during a period between baseline and the first imaging evaluation
after immunotherapy. KaplaneMeier methodology and Cox regression analysis were conducted for survival analyses.
Results: In the pooled cohort (n¼ 172), 125 patients (72.7%) were males; median age at diagnosis was 58 (range 28-79)
years. Based on the training cohort, we determined the optimal cut-off value for EOT-TGR as 10.4%/month. Higher EOT-
TGR was significantly associated with inferior overall survival [OS; hazard ratio (HR) 2.93, 95% confidence interval (CI)
1.47-5.83; P ¼ 0.002], worse progression-free survival (PFS; HR 2.44, 95% CI 1.46-4.08; P ¼ 0.001), and lower objective
response rate (3.3% versus 20.9%; P ¼ 0.040) and durable clinical benefit rate (6.7% versus 41.9%; P ¼ 0.001). Results
were reproducible in the two validation cohorts for OS and PFS. Among 43 patients who had a best response of
progressive disease in the training cohort, those with high EOT-TGR had worse OS (HR 2.64; P ¼ 0.041) and were
more likely to progress due to target lesions at the first tumor evaluation (85.2% versus 0.0%; P <0.001).
Conclusions: Higher EOT-TGR was associated with inferior OS and immunotherapeutic response in patients with aNSCLC
undergoing anti-PD-1/PD-L1 therapy. This easy-to-calculate radiologic biomarker may help evaluate the abilities of
immunotherapy to prolong survival and assist in tailoring patients’ management.
Trial registration: ClinicalTrials.gov NCT04722406; https://clinicaltrials.gov/ct2/show/NCT04722406
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INTRODUCTION

Immune checkpoint inhibitors (ICIs), specifically pro-
grammed cell death protein 1/programmed death-ligand 1
(PD-1/PD-L1) inhibitors, have revolutionized the therapeutic
landscape of advanced non-small-cell lung cancer
(aNSCLC).1-5 However, its clinical application is challenged
by the low response rate and atypical response patterns
such as hyperprogressive disease, pseudoprogression,
dissociated response, and delayed response.6-9 In an unse-
lected, previously treated NSCLC population, response rates
to single-agent PD-1/PD-L1 inhibitors range from 14% to
20%, with median progression-free survival (PFS) of 2-4
months and median overall survival (OS) of 10-14
months.5,10-12 Numerous studies have proposed biomarkers
to select patients likely or unlikely to respond to ICI therapy.
However, even within favorable stratum, the benefit of
immunotherapy is not observed for the entire population;
whereas unfavorable factors could not exclude beneficial
cases. Some biomarkers, such as tumor mutation burden,
neoantigen burden, T-cell receptor repertoire, immune
contexture, and gut microbiome are time-consuming and
not cost-effective. Thus it remains urgent to explore other
simple, early, and easy-to-calculate instruments to predict
survival outcomes for ICI.13

The RECIST criteria serve as standard guidelines to assess
tumor response in routine clinical practice and clinical tri-
als.14 However, RECIST evaluations do not take into account
tumor growth characteristics. Thus the categorization of
tumor response according to RECIST criteria may not suffi-
ciently reflect the ability of an anticancer therapy to modify
tumor growth and is not a good indicator of patients’ sur-
vival.15-18 To overcome such limitation, tumor growth rate
(TGR), typically calculated as the change of tumor burden
per unit time, was proposed.19,20 TGR allows for quantita-
tive assessment of tumor kinetics before or during an
anticancer treatment. Several studies have suggested that
TGR was associated with tumor response or survival out-
comes for various carcinomas treated with different
agents.21-25 Recently, we found that pretreatment TGR was
correlated with PFS but not with OS for anti-PD-1/PD-L1
monotherapy.26 However, how tumor growth kinetics is
modified by immunotherapy and its association with sur-
vival outcomes of patients remain unclear.

In this study, we hypothesized that early on-treatment
TGR (EOT-TGR) based on computed tomography (CT) mea-
surements could provide additional information on ICI ef-
ficacy and serve as a clinically relevant predictor of
treatment outcomes in patients with aNSCLC.
Anti-PD-1/PD-L1
treatment initiation

t2

Figure 1. Diagram of computed tomography (CT) scan timepoints.
EOT-TGR, early on-treatment tumor growth rate, assessed from treatment
initiation to the first imaging evaluation; PD-1, programmed cell death protein
1; PD-L1, programmed death-ligand 1; SLD0, SLD at baseline CT scan; SLD1, SLD
at the first CT scan; t1, time interval between baseline and the first imaging
evaluation; t2, time interval between immunotherapy initiation and the first
imaging evaluation.
PATIENTS AND METHODS

Definition of TGR

TGR is calculated based on an established formula: TGR ¼
100 � [exp (TG) e 1]; TG ¼ [3 � log(D2/D1)]/t, where t ¼
(date2 e date1 þ 1)/30.44, indicating the time interval in
months between two CT scans, and TG is the growth
rate.19,20 Tumor size (D) is the sum of the longest diameters
2 https://doi.org/10.1016/j.esmoop.2022.100630
of the target lesions (SLD) per RECIST version 1.1
(RECIST1.1). D1 ¼ tumor size at date1; D2 ¼ tumor size at
date2. EOT-TGR was assessed between the baseline and the
first imaging evaluation after ICI introduction (Figure 1).
Follow-up imaging examinations were carried out at the
physicians’ discretion without a predefined interval, with an
expected average time of 6-9 weeks. According to
RECIST1.1, patients without measurable lesions at baseline
could not be assessed for TGR. For patients who developed
new lesions at the first evaluation, TGR was computed on
the target lesions only.
Patients

We conducted a bicentric retrospective study (ClinicalTrials.
gov identifier: NCT04722406) of a cohort of 172 aNSCLC
patients (stage IIIB, IIIC, and IV) treated with single-agent
anti-PD-1/PD-L1 antibody in a variety of settings covering
routine clinical care, patient assistance programs, and clin-
ical trials. In brief, patients were eligible for inclusion if they
had histological confirmation of NSCLC; received treatment
with single-agent anti-PD-1/PD-L1 antibody; and had base-
line and at least one post-treatment CT scans. Patients with
one of the following conditions were excluded: lacking
available CT evaluation either at baseline or at follow-up
evaluation; without measurable lesions at baseline evalua-
tion; received maintenance treatment with single-agent ICI
following immunotherapy plus chemotherapy or targeted
therapy. Initially, patients from Sun Yat-sen University
Cancer Center (SYSUCC) treated with PD-1/PD-L1 inhibitors
between August 2016 and December 2018 (N ¼ 184) were
screened for eligibility and those met the inclusion criteria
(n ¼ 146) were randomized in a 1 : 1 ratio into a training
and an internal validation cohort (Supplementary
Figure S1A, available at https://doi.org/10.1016/j.esmoop.
2022.100630). Clinical outcomes of the SYSUCC cohorts
were followed up until 24 December 2020. The association
of EOT-TGR with OS was further validated in an external
validation cohort (n ¼ 26) of patients treated with ICI be-
tween June 2016 and September 2020 (with follow-up
completed on 29 December 2020) from Guangdong Pro-
vincial Hospital of Chinese Medicine (GPHCM;
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Supplementary Figure S1B, available at https://doi.org/10.
1016/j.esmoop.2022.100630).

The study was approved by the Institutional Review
Boards of SYSUCC and GPHCM and written informed consent
was waived owing to the retrospective nature of the study.
This study followed the REporting recommendations for
tumour MARKer prognostic studies (REMARK) guideline.27

Data extraction

Electronic medical records were reviewed to collect data
including demographic characteristics and clinical and
radiological information: sex, age; previous lines of systemic
therapies, smoking status, histology, clinical stage, Eastern
Cooperative Oncology Group (ECOG) performance status
(PS), alterations in driver genes including epidermal growth
factor receptor (EGFR) and anaplastic lymphoma kinase
(ALK); date of CT scans, SLD, and status of nonmeasurable
lesions and new lesions. The same assessment method and
same CT technique were used at each imaging assessment
point. Imaging data were extracted from a workstation
(Advantage version 4.2; GE Healthcare, Chicago, IL). Missing
data were recorded as not available and provided relevant
interpretation if appropriate. All data were independently
scrutinized by two trained physicians (L.-N.H and T.C.).

Response and endpoint evaluation

All response and outcome evaluation were determined
according to RECIST1.1 by two senior radiologists (T.C. and
Y.J.) blinded to patients’ information, with discrepancy
solved by consensus. Patients underwent tumor assessment
until immunotherapy termination due to disease progres-
sion, intolerable adverse events, death, or at the decision of
patients and physicians. The primary endpoint was OS,
defined as the time from ICI initiation to death from any
causes or end of follow-up. The secondary endpoints were
PFS, objective response rate (ORR), and durable clinical
benefit (DCB) rate. PFS was calculated from ICI initiation to
radiologically defined progression or death from any causes.
ORR was defined as the proportion of patients who had
best response of complete response (CR) or partial response
(PR). DCB was composed of CR, PR, or stable disease (SD)
that lasted for at least 6 months.

Statistical analysis

The concordance level of the best overall responses (BORs)
assessed by the two radiologists (interobserver concor-
dance) was examined using kappa statistics. A kappa value
of >0.80 was interpreted as excellent agreement. X-tile
program (Yale University School of Medicine, New Haven,
CT, USA) was used to determine the optimal cut-off values
for SLD at baseline (SLD0) and EOT-TGR based on maximum
OS stratification in the training cohort.28 According to the
EOT-TGR cut-off, patients were divided into two groups
(high EOT-TGR and low EOT-TGR), and baseline character-
istics between the two groups were compared. Continuous
variables were analyzed using ManneWhitney U test or
independent t-test depending on the normality of
Volume 7 - Issue 6 - 2022
distribution; categorical variables were analyzed using
Fisher’s exact test or chi-square test where appropriate. The
KaplaneMeier method and log-rank test were conducted to
compare survival outcomes. Univariate Cox regression
analysis was carried out to investigate association of specific
factors with OS and PFS. All parameters analyzed in uni-
variate analyses were incorporated into the final multivar-
iate Cox regression model and a forward stepwise
procedure was used to identify significant factors. Two-
sided P <0.05 indicated statistical significance. All statisti-
cal analyses were carried out using the R software (version
3.6.1; https://www.r-project.org/).
RESULTS

Training cohort

Patient characteristics. Baseline characteristics of the 73
patients in the training cohort are summarized in Table 1. A
total of 49 (67.1%) patients were males and 44 (60.3%)
were nonsmokers; median (range) age was 54 (30-74) years
and median (range) SLD0 was 73 (17-231) mm. Median
follow-up was 34.9 [95% confidence interval (CI), 26.7-43.2]
months. Median OS was 23.6 (95% CI 9.7-37.5) months and
median PFS was 2.1 (95% CI 2.0-2.3) months.

Optimal cut-off values of SLD0 and EOT-TGR for OS strat-
ification. Optimal cut-off values of SLD0 and EOT-TGR were
108 mm (c2¼9.876, P ¼ 0.039) and 10.4%/month (c2 ¼
9.902, P ¼ 0.039), respectively (Supplementary Figure S2,
available at https://doi.org/10.1016/j.esmoop.2022.
100630). According to the EOT-TGR threshold, patients
were divided into two groups (low group: EOT-TGR �10.4%/
month, n ¼ 43; high group: EOT-TGR >10.4%/month, n ¼
30). Baseline characteristics between the two groups were
compared (Supplementary Table S1, available at https://doi.
org/10.1016/j.esmoop.2022.100630). Higher EOT-TGR was
significantly associated with three or more metastatic sites
(P ¼ 0.020) and RECIST-defined best response (P <0.001).
We found no statistical difference between EOT-TGR and
age, gender, ECOG PS, smoking status, histology, prior
treatment lines, lung metastasis, liver metastasis, brain
metastasis, pleural metastasis, SLD0, and driver mutations
(all with P value of >0.05).

Association of EOT-TGR with response and survival out-
comes. The interobserver concordance was excellent, with a
kappa value of 0.832 (95% CI 0.714-0.947) (Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2022.100630). By RECIST1.1, 10 patients (13.7%) achieved
PR, 20 (27.4%) had SD, and 43 (58.9%) had progressive
disease (PD) as their BOR (Supplementary Figure S3, avail-
able at https://doi.org/10.1016/j.esmoop.2022.100630).
Eleven patients (15.1%) exhibited SD that lasted for over 6
months. Hence, the ORR was 13.7% and the DCB rate was
27.4% in this cohort. The response rate was significantly
higher in patients with low EOT-TGR than in patients with
high EOT-TGR [9/43 (20.9%) versus 1/30 (3.3%); P ¼ 0.040].
DCB rate was also higher in the low EOT-TGR group than
https://doi.org/10.1016/j.esmoop.2022.100630 3
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Table 1. Patient characteristics at baseline

Patient characteristics Training cohort
(n [ 73)

Internal validation cohort
(n [ 73)

GPHCM cohort
(n [ 26)

Pooled cohort
(n [ 172)

Age, years
Median (range) 54 (30-74) 58 (28-79) 66 (38-76) 58 (28-79)
<54, n (%) 36 (49.3) 27 (37.0) 3 (11.5) 66 (38.4)
�54, n (%) 37 (50.7) 46 (63.0) 23 (88.5) 106 (61.6)

Gender, n (%)
Male 49 (67.1) 57 (78.1) 19 (73.1) 125 (72.7)
Female 24 (32.9) 16 (21.9) 7 (26.9) 47 (27.3)

ECOG PS, n (%)
0 30 (41.1) 29 (39.7) 7 (26.9) 66 (38.4)
1 41 (56.2) 39 (53.4) 13 (50.0) 93 (54.1)
2-3 2 (2.7) 5 (6.8) 6 (23.1) 13 (7.5)

Smoking status, n (%)
Never smoker 44 (60.3) 42 (57.5) 5 (19.2) 91 (52.9)
Current or former smoker 29 (39.7) 31 (42.5) 21 (80.8) 81 (47.1)

Histology, n (%)
Squamous 27 (37.0) 25 (34.2) 9 (34.6) 61 (35.5)
Adenocarcinoma 40 (54.8) 48 (65.8) 16 (61.5) 104 (60.5)
Other types 6 (8.2) 0 (0.0) 1 (3.8) 7 (4.1)

Stage, n (%)
IIIB 0 (0.0) 2 (2.7) 1 (3.9) 3 (1.7)
IIIC 0 (0.0) 0 (0.0) 5 (19.2) 5 (2.9)
IV 73 (100.0) 71 (97.3) 20 (76.9) 164 (95.3)

Immunotherapy regimen, n (%)
Pembrolizumab 28 (38.3) 30 (41.1) 0 (0.0) 58 (33.7)
Atezolizumab 7 (9.6) 3 (4.1) 0 (0.0) 10 (5.8)
Nivolumab 18 (24.7) 23 (31.5) 13 (50.0) 54 (31.4)
Camrelizumab 20 (27.4) 16 (21.9) 0 (0.0) 36 (20.9)
Sintilimab 0 (0.0) 0 (0.0) 8 (30.8) 8 (4.7)
Toripalimab 0 (0.0) 1 (1.4) 3 (11.5) 4 (2.3)
Tislelizumab 0 (0.0) 0 (0.0) 2 (7.7) 2 (1.2)

PD-L1 status, n (%)
Positive 0 (0.0) 1 (1.4) 13 (50.0) 14 (8.1)
Negative 0 (0.0) 0 (0.0) 2 (7.7) 2 (1.2)
Not available 73 (100.0) 72 (98.6) 11 (42.3) 156 (90.7)

Number of prior treatment lines, n (%)
0 4 (5.5) 10 (13.7) 7 (26.9) 21 (12.2)
1 42 (57.5) 32 (43.8) 7 (26.9) 81 (47.1)
�2 27 (37.0) 31 (42.5) 12 (46.2) 70 (40.7)

Number of distant metastatic sites, n (%)
0 0 (0.0) 2 (2.7) 6 (23.1) 8 (4.6)
1 16 (22.0) 14 (19.2) 4 (15.4) 34 (19.8)
2 25 (34.2) 30 (41.1) 6 (23.1) 61 (35.5)
�3 32 (43.8) 27 (37.0) 10 (38.4) 69 (40.1)

EGFR mutation status, n (%)
Positive 9 (12.3) 5 (6.8) 1 (3.8) 15 (8.7)
Negative 46 (63.0) 57 (78.1) 15 (57.7) 118 (68.6)
Not available 18 (24.7) 11 (15.1) 10 (38.5) 39 (22.7)

ALK translocation, n (%)
Positive 3 (4.1) 2 (2.7) 0 (0.0) 5 (2.9)
Negative 47 (64.4) 50 (68.5) 15 (57.7) 112 (65.1)
Not available 23 (31.5) 21 (28.8) 11 (42.3) 55 (32.0)

SLD0, mm
Median (range) 73 (17-231) 71 (11-174) 73 (15-171) 73 (11-231)
�108, n (%) 59 (80.8) 52 (71.2) 20 (76.9) 131 (76.2)
>108, n (%) 14 (19.2) 21 (28.8) 6 (23.1) 41 (23.8)

t, months
Median (range) 2.0 (1.0-4.2) 2.0 (0.6-5.6) 2.2 (0.7-8.0) 2.0 (0.6-8.0)

EOT-TGR, %/month
Median (range) 8.6 (�54.7 to 55.5) 3.3 (�51.8 to 47.6) �4.2 (�28.1 to 62.7) 4.7 (�54.7 to 62.7)
�10.4, n (%) 43 (58.9) 49 (67.1) 20 (76.9) 112 (65.1)
>10.4, n (%) 30 (41.1) 24 (32.9) 6 (23.1) 60 (34.9)

ALK, anaplastic lymphoma kinase; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; EOT-TGR, early on-treatment
tumor growth rate, assessed from treatment initiation to the first imaging evaluation; GPHCM, Guangdong Provincial Hospital of Chinese Medicine; PD-L1, programmed
death-ligand 1; SLD0, sum of the longest diameters of the target lesions at baseline; t, time interval between baseline and the first imaging evaluation.
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A BEOT-TGR >10.4%/month (median, 12 months; 95% CI  8.3-15.8)

EOT-TGR ≤10.4%/month
EOT-TGR >10.4%/month

EOT-TGR ≤10.4%/month
EOT-TGR >10.4%/month

EOT-TGR ≤10.4%/month (median, NR months; 95% CI NR-NR)

EOT-TGR >10.4%/month (median, 1.8 months; 95% CI 1.6-2.0)
EOT-TGR ≤10.4%/month (median, 4.6 months; 95% CI 0.8-8.3)

Figure 2. Overall survival (OS) and progression-free survival (PFS) according to EOT-TGR groups in the training cohort. (A) OS according to EOT-TGR groups. (B) PFS
according to EOT-TGR groups.
EOT-TGR, early on-treatment tumor growth rate, assessed from treatment initiation to the first imaging evaluation; NR, not reached.
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that in the high EOT-TGR group [18/43 (41.9%) versus 2/30
(6.7%); P ¼ 0.001].

Patients with high EOT-TGR had significantly shorter OS
than those with low EOT-TGR. Median OS was 12.0 months
(95% CI 8.3-15.8 months) versus not reached [NR] months
(95% CI NR-NR) for the high and low groups, respectively
(P ¼ 0.001; Figure 2A). EOT-TGR was also correlated with
PFS (P <0.001). For patients with high EOT-TGR, median PFS
was 1.8 months (95% CI 1.6-2.0 months), whereas median
PFS for the low EOT-TGR group was 4.6 months (95% CI 0.8-
8.3 months; Figure 2B).

Cox regression analyses of survival outcomes. Univariate
analysis indicated that two or more lines of prior systemic
therapies [hazard ratio (HR) 1.96, 95% CI 1.00-3.87; P ¼
0.050], larger SLD0 (HR 2.84, 95% CI 1.26-6.38; P ¼ 0.012),
and high EOT-TGR (HR 2.93, 95% CI 1.47-5.83; P ¼ 0.002)
were significantly associated with inferior OS (Table 2). In
the multivariate Cox model, high EOT-TGR (HR 3.36, 95% CI
1.63-6.91; P ¼ 0.001), larger SLD0 (HR 2.98, 95% CI 1.30-
6.81; P ¼ 0.010), and squamous cell histology (HR 2.33, 95%
CI 1.14-4.78; P ¼ 0.020) were negative predictors for OS
(Table 2). A consistent association of EOT-TGR with OS was
observed across most subgroups (Figure 3).

Factors associated with worse PFS in univariate analysis
included two or more lines of prior therapies (HR 2.71, 95%
CI 1.57-4.65; P <0.001), three or more metastatic sites (HR
2.77, 95% CI 1.65-4.64; P <0.001), positive ALK rearrange-
ment status (HR 3.96, 95% CI 1.17-13.43; P ¼ 0.027), larger
SLD0 (HR 2.30, 95% CI 1.25-4.24; P ¼ 0.007), and high EOT-
TGR (HR 2.44, 95% CI 1.46-4.08; P ¼ 0.001). In multivariate
analysis, prior treatment lines (P ¼ 0.007), metastatic sites
(P <0.001), and SLD0 (P ¼ 0.001) remained associated with
PFS (Supplementary Table S3, available at https://doi.org/
10.1016/j.esmoop.2022.100630).

Value of TGR in patients who had PD as BOR. Among the
43 patients who had PD as their BORs, 20 (46.5%)were due to
progression in nontarget lesions (n¼ 1) or occurrence of new
Volume 7 - Issue 6 - 2022
lesions (n ¼ 19). Patients in the high EOT-TGR group were
more likely to progress with target lesions at the first tumor
evaluation (23/27, 85.2%) versus those in the low EOT-TGR
group (0/16, 0%; Fisher’s P <0.001; (Supplementary
Figure S4, available at https://doi.org/10.1016/j.esmoop.
2022.100630). For survival analyses in these 43 patients,
low EOT-TGRwas correlatedwith prolongedOS (median 31.0,
95% CI 14.0-47.9 months) compared with high EOT-TGR
(median 11.3, 95% CI 8.9-13.7 months; P ¼ 0.034;
Supplementary Figure S5A, available at https://doi.org/10.
1016/j.esmoop.2022.100630). Not surprisingly, no differ-
ence was observed in PFS regarding EOT-TGR stratum
(P¼ 0.380; Figure S5B, available at https://doi.org/10.1016/j.
esmoop.2022.100630).
Validation cohorts

Internal validation of association of EOT-TGR with out-
comes. In the internal validation cohort, median follow-up
was 31.0 months (95% CI 25.3-36.7 months). Median OS
and PFS were 19.2 months (95% CI 16.1-22.2 months) and
2.6 months (95% CI 0.5-4.7 months), respectively. Baseline
characteristics of this cohort are summarized in Table 1.
High EOT-TGR was significantly associated with worse OS
(HR 3.19, 95% CI 1.59-6.38; P ¼ 0.001) and PFS (HR 5.03,
95% CI 2.76-9.19; P <0.001; Supplementary Figure S6A
and B, available at https://doi.org/10.1016/j.esmoop.2022.
100630). In addition, patients with low EOT-TGR achieved
higher ORR [13/49 (26.5%) versus 0/24 (0.0%); P ¼ 0.003]
and DCB rate [24/49 (49.0%) versus 0/24 (0.0%); P <0.001]
versus those with high EOT-TGR.

External validation of association of TGR with survivals. A
total of 26 patients from the GPHCM cohort were included
in the external validation cohort (Supplementary
Figure S1B, available at https://doi.org/10.1016/j.esmoop.
2022.100630). Baseline characteristics of this cohort are
summarized in Table 1. Median follow-up was 20.1 months
(95% CI 14.7-25.6 months), median OS was 25.7 months
https://doi.org/10.1016/j.esmoop.2022.100630 5
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Table 2. Univariate and multivariate analyses for overall survival in the training cohort

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age, years
<54 1 (Reference)
�54 1.39 (0.71-2.75) 0.338 0.260

Gender
Male 1.00 (0.49-2.06) 0.996 0.659
Female 1 (Reference)

ECOG PS
0 1 (Reference)
1-3 2.02 (0.97-4.24) 0.061 0.307

Smoking status
Never smoker 1.17 (0.58-2.33) 0.664 0.776
Current or former smoker 1 (Reference)

Histology
Squamous 1.83 (0.93-3.62) 0.081 2.33 (1.14-4.78) 0.020
Nonsquamous 1 (Reference) 1 (Reference)

Number of prior treatment lines
<2 1 (Reference)
�2 1.96 (1.00-3.87) 0.050 0.088

Number of metastatic sites
<3 1 (Reference)
�3 1.52 (0.77-2.99) 0.226 0.616

EGFR mutation status
Positive 1 (Reference)
Negative 1.83 (0.43-7.85) 0.414 0.917
Not available 4.36 (0.97-19.73) 0.056 0.257

ALK translocation
Negative 1 (Reference)
Positive 1.49 (0.35-6.42) 0.590 0.166
Not available 2.18 (1.05-4.50) 0.036 0.917

SLD0, mm
�108 1 (Reference) 1 (Reference)
>108 2.84 (1.26-6.38) 0.012 2.98 (1.30-6.81) 0.010

EOT-TGR, %/month
�10.4 1 (Reference) 1 (Reference)
>10.4 2.93 (1.47-5.83) 0.002 3.36 (1.63-6.91) 0.001

ALK, anaplastic lymphoma kinase; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; EOT-TGR,
early on-treatment tumor growth rate, assessed from treatment initiation to the first imaging evaluation; HR, hazard ratio; SLD0, sum of the longest diameters of the target lesions
at baseline.
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(95% CI NR-NR), and median PFS was 5.7 months (95% CI
0.5-10.8 months). Patients with high EOT-TGR had shorter
OS and PFS than those with low EOT-TGR [median (95% CI)
OS: 8.1 months (0.0-21.0 months) versus NR (NR-NR),
P ¼ 0.002; median (95% CI) PFS: 1.5 months (1.5-1.6
months) versus 6.9 months (2.8-11.0 months), P <0.001;
Supplementary Figure S6C and D, available at https://doi.
org/10.1016/j.esmoop.2022.100630].
Association of EOT-TGR with responses and survivals in the
pooled cohort. Baseline characteristics of the pooled
immunotherapy cohort (n ¼ 172) are summarized in
Table 1. 125 patients (72.7%) were males; median age at
diagnosis was 58 years (range 28-79 years). Median EOT-
TGR was 4.7% (range e54.7% to 62.7%)/month. Median
follow-up was 29.6 months (95% CI 23.9-35.4 months).
Median OS was 24.1 months (95% CI 18.8-29.3 months) and
median PFS was 2.3 months (95% CI 1.9-2.7 months). Ac-
cording to RECIST1.1, 28 patients (16.3%) achieved PR, 53
(30.8%) had SD, and 91 (52.9%) had PD as their best BOR.
The overall response rate was 16.3% and the DCB rate was
30.8% (53/172).
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Both theORR andDCB ratewere significantly higher for the
low versus high EOT-TGR group [ORR: 24.1% (27/112) versus
1.7% (1/60); P <0.001; DCB: 45.5% (51/112) versus 3.3% (2/
60); P <0.001]. Median OS was 31.0 months (95% CI 17.7-
44.2 months) versus 11.5 months (95% CI 6.3-16.8 months)
for the low and high EOT-TGR groups (P<0.001), respectively
(Supplementary Figure S6E, available at https://doi.org/10.
1016/j.esmoop.2022.100630). Median PFS was 6.1 months
(95% CI 4.1-8.1 months) versus 1.8 months (95% CI 1.6-1.9
months) for the low and high EOT-TGR group (P <0.001),
respectively (Supplementary Figure S6F, available at https://
doi.org/10.1016/j.esmoop.2022.100630). In the multivariate
Cox models, higher EOT-TGR was independently associated
with worse OS (HR 3.75, 95% CI 2.32-6.05; P <0.001)
(Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2022.100630) and PFS (HR 3.65, 95% CI
2.55-5.22; P <0.001) (Supplementary Table S5, available at
https://doi.org/10.1016/j.esmoop.2022.100630).
DISCUSSION

TGR is a practical instrument for visualizing and monitoring
tumor growth kinetics.29 Our study provided evidence that
Volume 7 - Issue 6 - 2022
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Subgroup

Age, years

< 54

≥ 54

Gender

Female

Male

ECOG PS

0

1−3

Smoking status

Never smoker
Current or former 
smoker

Histology
Squamous

Nonsquamous

Treatment lines

< 2

≥ 2

Metastatic sites

< 3

≥ 3

SLD0, mm

≤ 108

> 108

EOT-TGR ≤10.4%/month

Patients
n (%)

19 (52.8)

24 (64.9)

14 (58.3)

29 (59.2)

21 (70.0)

22 (51.2)

25 (56.8)

18 (62.1)

16 (59.3)

27 (58.7)

29 (63.0)

14 (51.9)

29 (70.7)

14 (43.8)

38 (64.4)

5 (35.7)

Median OS
  (months)

NR

28.8

NR

NR

NR

NR

NR

NR

28.8

NR

NR

31.0

NR

31.0

NR

18.9

EOT-TGR >10.4%/month

Patients
n (%)

17 (47.2)

13 (35.1)

10 (41.7)

20 (40.8)

9 (30.0)

21 (48.8)

19 (43.2)

11 (37.9)

11 (40.7)

19 (41.3)

17 (37.0)

13 (48.1)

12 (29.3)

18 (56.2)

21 (35.6)

9 (64.3)

Median OS
  (months)

14.8

11.3

14.8

11.5

NR

11.1

14.6

11.3

11.3

19.9

19.9

11.3

12.0

11.1

14.6

5.7

HR (95% CI)

5.32 (1.66-17.00)

2.01 (0.80-5.10)

2.26 (0.69-7.43)

3.35 (1.43-7.88)

1.40 (0.36-5.46)

3.35 (1.41-7.97)

3.10 (1.28-7.53)

2.27 (0.74-7.00)

4.42 (1.28-15.29)

2.84 (1.14-7.12)

2.40 (0.93-6.16)

2.88 (0.98-8.45)

3.42 (1.31-8.94)

2.07 (0.72-6.00)

2.48 (1.14-5.41)

3.61 (0.70-18.65)

P value

0.005

0.140

0.180

0.006

0.628

0.006

0.012

0.152

0.019

0.026

0.069

0.054

0.012

0.179

0.023

0.125

0 1 3.5 5 7.5 9

Favors EOT-TGR >10.4%/monthFavors EOT-TGR ≤10.4%/month

Figure 3. Overall survival (OS) in baseline characteristic subgroups. Median OS was estimated by KaplaneMeier analysis and hazard ratios (HRs) was examined by
Cox proportional hazards regression analysis.
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EOT-TGR, early on-treatment tumor growth rate, assessed from treatment
initiation to the first imaging evaluation; NR, not reached; SLD0, sum of the longest diameters of the target lesions at baseline.
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early on-treatment tumor growth rate, or EOT-TGR,
assessed between the ICI treatment onset and the first
imaging evaluation, was correlated with treatment out-
comes in patients with aNSCLC undergoing ICI mono-
therapy. The 65.1% of the population with high EOT-TGR
was less likely to achieve an objective response and DCB,
and had both shorter PFS and OS than those with low EOT-
TGR. These results provide support that EOT-TGR can reflect
Volume 7 - Issue 6 - 2022
clinically significant activity of the drug and might be a
predictor of benefit from immunotherapy.

Several efforts have been made in other tumor entities to
investigate predictive value of TGR upon early treatment in
terms of outcomes of patients. Higher TGR during the first
treatment cycle was found to be associated with shorter
PFS and OS in patients with metastatic renal cell carcinoma
treated with sorafenib or everolimus.30 Low TGR3m [TGR at
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3 (�1) months of study entry] could be used as an early
radiological predictor of favorable PFS and objective
response in patients with advanced neuroendocrine tumors
initiating systemic treatment.20,31 In our observation, EOT-
TGR was significantly associated with OS, which was
reproducible in two validation sets and was further identi-
fied as an independent prognosticator both in the training
set and the pooled cohort. Besides, subgroup analysis could
see consistent association of EOT-TGR with OS across most
baseline subgroups. EOT-TGR had marginal association with
PFS but failed to predict PFS in multivariate analysis in the
training cohort, which, we thought, could be mainly
explained by the sample size, as it was identified as an in-
dependent predictor for PFS in the pooled cohort. Together,
these findings indicated that EOT-TGR has a strong potential
for translation at bedside as an early risk stratification in-
strument and for guiding the design of future clinical trials.
Worthy of note, this does not courage clinicians to deter-
mine continued treatment or to discuss other options ac-
cording to the TGR profiles, but indicates a dynamic and
tailored follow-up scheme. Patients with high EOT-TGR
should be regularly followed up for the shorter PFS,
whereas those with low EOT-TGR could have less frequent
examination to reduce unnecessary radiation exposure.

Another interesting finding is that on-treatment tumor
growth kinetics was able to capture a clinically significant
biological effect that went unnoticed by RECIST. Owing to
complicated tumor biological characteristics, progression
velocity may be heterogeneous across different tumor types
and across individuals suffering from the same carcinoma.
As shown in our study, among 43 patients with a BOR of PD
(de novo resistance), patients with high EOT-TGR had
increased possibility of target lesion progression at the first
tumor evaluation (85.2% versus 0.0%). Furthermore, among
these RECIST1.1-defined progressors, OS was significantly
longer in patients with low on-treatment TGR than those
with high on-treatment TGR (median 31.0 versus 11.3
months). These results provided additional support that
RECIST-based tumor response classification was insufficient
to reflect the activity of immunotherapy. However, because
a large proportion of patients had no further tumor as-
sessments following RECIST1.1-defined progressive disease,
we could not evaluate the association of EOT-TGR with
pseudo-progression, nor could we explore the association
of EOT-TGR with PFS calculated according to the immune
response criteria in solid tumors (iRECIST). This issue should
be further addressed if EOT-TGR is to be introduced into a
new response assessment criterion for immunotherapy.
However, we think our study is clinically relevant because
RECIST criteria remain the gold metrics to define primary
efficacy outcomes in clinical practice and clinical trials,
whereas iRECIST is mainly used for exploratory analyses.
Furthermore, the robust association between EOT-TGR and
treatment outcomes indicates the significance of this
instrument.
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Several limitations deserve attention when interpreting
our findings. The relatively small sample size, especially the
external validation cohort, and the retrospective design
may introduce bias. Our findings did require prospective
validation with larger sample size to lower chances of bias.
Meanwhile, the retrospective nature also hampered us
from setting a predefined time window for radiological
follow-up. We think, on the basis of median time interval
presented in Table 1, the research community can carry out
prospective studies in the real-world setting to capture EOT-
TGR, in which the time interval between the baseline and
the first imaging evaluation is uniformly set as 1 or 2
months. The strict inclusion criteria, especially from the
imaging requirements, may cause potential selection bias.
Most patients had unavailable PD-L1 status, which made it
difficult for us to investigate the impact of PD-L1 expression
on clinical outcomes. It should be noted, however, that
most patients in our cohorts were treated in a second- or
later-line setting and PD-L1 status was not mandatory for
making treatment decisions in such setting. Patient’s char-
acteristics were not comparable between the training and
validation cohorts. However, successful validation in a
heterogenous population indicated that our results could be
extended to a broader setting. In addition, due to the lack
of comprehensive genomic data, our analyses could not be
adjusted for tumor mutation burden and other specific
mutation types; however, these biomarkers also were not
mandatory for ICI prescription. Another limitation is the
potential confounder deriving from anisotropy not included
in the TGR assessment, as target lesions are presumed to be
spherical.32 Furthermore, it is unknown whether RECIST-
based calculation of TGR is the optimal setting for kinetics
assessment. Evaluation of target lesions may not reflect the
whole tumor burden because nontarget and new lesions
were not taken into account. These limitations aside, the
method for TGR calculation in this study is the most widely
used, easy-to-compute, and well-recognized one to evaluate
tumor growth kinetics, including characterization of hyper-
progressive disease in the era of immunotherapy.19,33

Calculation of TGR is feasible, simple, and requires
modest additional costs to conduct at bedside with avail-
able access to the internet calculator tool (http://www.
gustaveroussy.fr/doc/tgr_calculator/index_en.html). Our
findings about the predictive value of EOT-TGR had robust
clinical implication, given the unpredictable fatal toxicity
and crippling hospital costs of ICI therapy. Translation of
TGR into clinical utility has a potential role in tailoring pa-
tient management.

In summary, EOT-TGR played a role in predicting OS and
immunotherapeutic response in patients with aNSCLC
treated with ICI monotherapy. Early evaluation of on-
treatment TGR has promising clinical utilities in guiding
patient management. Future studies in larger cohorts, most
preferably prospective, are warranted to gain an in-depth
understanding of this association.
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