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Background: Anti-PD-(L)1 treatment is indicated for patients with mismatch

repair-deficient (MMRD) tumors, regardless of tumor origin. However, the

response rate is highly heterogeneous across MMRD tumors. The objective

of the study is to find a score that predicts anti-PD-(L)1 response in patients

with MMRD tumors.

Methods: Sixty-one patients with various origin of MMRD tumors and treated

with anti-PD-(L)1 were retrospectively included in this study. An expert

radiologist annotated all tumors present at the baseline and first evaluation

CT-scans for all the patients by circumscribing them on their largest axial axis

(single slice), allowing us to compute an approximation of their tumor volume.

In total, 2120 lesions were annotated, which led to the computation of the total

tumor volume for each patient. The RECIST sum of target lesions’ diameters

and neutrophile-to-lymphocyte (NLR) were also reported at both

examinations. These parameters were determined at baseline and first

evaluation and the variation between the first evaluation and baseline was

calculated, to determine a comprehensive score for overall survival (OS) and

progression-free survival (PFS).

Results: Total tumor volume at baseline was found to be significantly

correlated to the OS (p-value: 0.005) and to the PFS (p-value:<0.001). The

variation of the RECIST sum of target lesions’ diameters, total tumor volume
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and NLR were found to be significantly associated to the OS (p-values:<0.001,

0.006,<0.001 respectively) and to the PFS (<0.001,<0.001, 0.007 respectively).

The concordance score combining total tumor volume and NLR variation was

better at stratifying patients compared to the tumor volume or NLR taken

individually according to the OS (pairwise log-rank test p-values: 0.033,<0.001,

0.002) and PFS (pairwise log-rank test p-values: 0.041,<0.001, 0.003).

Conclusion: Total tumor volume appears to be a prognostic biomarker of anti-

PD-(L)1 response to immunotherapy in metastatic patients with MMRD tumors.

Combining tumor volume and NLR with a simple concordance score stratifies

patients well according to their survival and offers a good predictive measure of

response to immunotherapy.
KEYWORDS

mismatch repair (MMR) deficiency, immunotherapy, CT scan, tumor volume,
biomarker, anti-PD1, neutrophile-to-lymphocyte ratio (NLR), anti PDL1
Introduction

Immunotherapy, and particularly Immune checkpoint

blockades (ICBs) harness a patient’s own immune response

against a tumor by blocking inhibitory signaling molecules

expressed on T-cells, thereby strengthening their antitumor

response. ICBs such as anti-PD-1 monoclonal antibodies, have

revolutionized the management of several cancers (1–3). Over

the last few decades, the number of articles regarding

immunotherapy has doubled every two years (4) and the

clinical trials intend to apply this new anticancer weapon in

the treatment of the highest number of patients possible. Several

clinical trials have shown the efficacy of anti-PD1 and PD-L1

(anti-PD-(L)1) antibodies on tumors with microsatellite

instability (MSI) phenotype in patients (5–7). Considering all

types of mutations, MSI tumors display a high mutation rate,

with 12-40 mutations/Mb (8, 9). This high mutational burden is

supposed to make tumors immunogenic, and this rational

supports the first approval for anti-PD-1 antibodies for

patients with metastatic MSI cancers, regardless of the tumor

type. MSI tumors represent 15% and 30% of colorectal and

endometrial cancers, respectively (10). Thus, most of the clinical

studies that have evaluated ICB efficacy recruited patients with

MSI colorectal and endometrial cancer (11–13). Nonetheless,

MSI tumors have been identified in more than 15 different

tumors types and, Azad et al., and Marabelle et al., have reported

a highly variable response to anti-PD-(L)1 across MSI tumors,

ranging from 0% in MSI brain tumors to 57.1% in MSI

endometrial cancers (14, 15). The underlying molecular

mechanisms to explain this heterogeneity remains elusive.

There is an imperative need to find biomarkers that vary

before or early-on after ICB initiation. In this regard, we have
02
recently proven that the variation of Neutrophil to Lymphocyte

ratio (NLRchange) at 2 months after treatment initiation can

discriminate patients with progressive disease from those who

respond to PD(L)-1 inhibition, regardless of the anatomic sites

of mismatch repair-deficient (MMRD) (16). More precisely, the

increase of NLR was significantly associated with better overall

survival and progression-free survival (HRlogrank=0.3755 (%

95CI= 0.2013-0.7004); HRlogrank=0.5173 (%95CI= 0.2895-

0.9241) respectively). Interestingly, the change in NLR was

observed earlier (2 months) compared to the tumor changes

described by imaging data (CT, MRI), thus allowing NLRchange

to be used for an earlier evaluation of response to treatment.

Other parameters have been described in the literature as

biomarker candidates (17, 18). They are classified as tumor-based

biomarkers, circulating factors and host-related markers. Tumor-

based biomarkers gather the tumor mutational burden (TMB), PD-

L1 expression and populations of the immune system that can

invade the tumor (tumor microenvironment, TME) and exert

antitumoral or pro-tumoral function. The balance between the

Ying and Yang of the immune system is being widely studied

using scores such as Immunophenoscore (19) and immune set

point (20) that quantify tumor immune infiltration (cytotoxic T

cells, effector T cell, memory T cell, NK cells, macrophages, T

regulatory cells) and chemokine profile. Among circulating factors,

the circulating tumor DNA, and cytokines such as IL8 are also being

extensively studied (21). Finally, the host parameters and

particularly the intestinal commensal microbiota could modify

ICB response (22). Moreover, other parameters such as those

based on medical images could be important factors as well. The

tumor burden can be easily assessed relative to other tumor

biomarkers through medical imaging and might have important

clinical implications as well (23).
frontiersin.org
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Based on both the number and size of metastases as well as the

number of organs affected, the Response Evaluation Criteria In

Solid Tumors (RECIST 1.1) (24) is considered as the “gold

standard” currently to evaluate CT scans at baseline and post-

treatment. The assessment of change in tumor size according to

RECIST 1.1 is used for the clinical evaluation of objective response,

stable disease and disease progression (24). However, at baseline,

the role of tumor size in predicting the outcome of ICB response has

been poorly investigated and remains a matter of debate (23).

Furthermore, RECIST 1.1 evaluation has several limitations. It

considers no more than 5 lesions in total, a maximum of 2

lesions per organ. Thus, the accurate quantification of the

metastatic dissemination is likely underestimated. Additionally,

atypical responses have been observed in the case of

immunotherapy, such as pseudo-progression or hyper-

progression (25, 26). Pseudo-progression led to the development

of the iRECIST protocol, which requires a validation at least one

month after progression to confirm if the progression is a real or

pseudo progression (27). While the incidence rate for the

phenomenon is low, this emphasizes the need for a prognostic

biomarker to evaluate the response to immunotherapy. Moreover,

Kuhl et al. have shown a discordance between different readers

when assessing tumor response, if the chosen target lesions were

different (k = 0.58; 95% CI: 0.54, 0.62) (28). Hence, we decided to

extensively characterize the tumor burden characteristics and NLR

in patients treated with anti-PD-(L)1. Our study aims at finding a

score combining the comprehensive tumor volume andNLR, for an

earlier evaluation of response to immunotherapy, in patients with

MMRD tumors.
Materials and methods

Ethics statement

All patients included in this study received at least one

previous line of anti-PD-(L)1 therapy. They were enrolled

from November 2014 to October 2020 at Gustave Roussy and

provided informed consent before enrollment in these studies.

The study is reported in Health Data Hub.
Patients’ characteristics

This retrospective study enrolled 61 patients with metastatic

cancer of various histological types treated with anti-PD-(L)1.

The patients included were all screened for MMRD by the IHC

staining to determine the presence/absence of the main MMR

proteins (MSH2, MSH6, PMS2, MLH1). Two CT-scans were

required for this cohort : a basel ine preceding the

immunotherapy and the other at first evaluation. The median

time between baseline and first evaluation was 2.1 months (IQR:

1.6 – 2.6 months). Blood tests were also performed at the two
Frontiers in Oncology 03
evaluations, where the absolute neutrophil count and the

absolute lymphocyte count were assessed. The Neutrophil-to-

Lymphocyte (NLR) ratio is defined as the ratio between absolute

neutrophil count and absolute lymphocyte count.
Radiological features & tumor burden

The CT-scans were analyzed by an expert radiologist who

annotated all lesions in chest-abdomen-pelvis scans using an

internal annotation software called Spyd. The annotations were

performed with the following constraints: a) Precise freehand

circumscribed annotation of all lesions in the body at their

largest axial position (single slice), b) Lymph nodes were only

considered a lesion if their smallest axis measured more than

10 mm, c) all pulmonary micronodules measuring more than

3 mm were annotated, d) Each annotation contained a label

describing the location of the tumor. The tumor labels used were

heart, lung, liver, lymph node, bone, spleen, kidney, carcinosis,

ovary, pancreas, skin/soft tissue, adrenal, brain, muscle, bowels

and other. The scans at both evaluations were annotated

independently for each patient (Figure 1). These annotations

allowed us to compute the shape features: Major Axis, Minor

Axis and Mesh Surface, using Pyradiomics software (29). The

surface is computed using the following formulas: A   =  S 1
2 Oai

�Obiwhere Oiai and Oibi are edges of the ith triangle in the

mesh, formed by vertices ai , bi of the perimeter and the origin O.

The Major Axis and Minor Axis are computed using the two

smallest singular values on the ROI-enclosed ellipsoid: major   =

  4
ffiffiffiffiffiffiffiffiffiffiffi
lmajor

q
and minor   =   4

ffiffiffiffiffiffiffiffiffiffiffiffi
lminor

p
:The approximate 3D

volume for each metastasis was obtained with the following

formula: Tumor volume = 2/3 x Surface x Minor Axis. The total

tumor volume for each patient is computed using the sum of the

approximate 3D volume of each metastasis.

The RECIST 1.1 evaluation done by another radiologist was

also acquired, as well as the diameters of the target lesions using

the RECIST 1.1 guidelines, and their sum was computed.
Dynamic changes

To determine a prognostic biomarker, the parameters were

evaluated at baseline. The variation of the parameters between

baseline and first evaluation were calculated to determine

predictive biomarkers for immunotherapy response. The

variation was defined as: variation = parameterE1  −   parameterBL
parameterBL

 �  

100 , where E1 and BL stand for Evaluation 1 (first radiological

evaluation) and baseline respectively. Only an increase (variation

> 0%) or decrease (variation< 0%) of the parameters was

evaluated in this study. Five parameters were studied at

baseline and in variation: Sum of RECIST 1.1 target lesion

diameters (RECIST), total tumor volume (Volume), total
frontiersin.org
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number of lesions (Number Lesions), number of organs affected

by lesions (Organs involved) and NLR.
Statistical analysis

The main objective was to evaluate the biomarkers based on

Overall survival (OS) and Progression-free survival (PFS). OS

was defined as the time between the start of immunotherapy

(first injection) and death from any cause. PFS was defined as the

time between immunotherapy initiation and tumor progression

based on RECIST 1.1 or death, whichever occurred first. The

median and interquartile range (IQR) were used to report the

distribution of variables. Spearman correlation was used to

evaluate the dependency between variables. Variables were

considered independent if their coefficients were lower than

0.8. When building our final score, only the independent

variables were used. The Kaplan-Meier method was used for

univariate survival analysis. The Cox model was used for

multivariate data analysis, and the hazard ratio (HR) was

computed for each covariate. The log-rank test was used to

compare the survival distribution of the categories obtained

from the univariate parameters, and to compute the p-value to

assess the significance of the comparison. The cut-offs chosen for

the binarization of continuous variables was the median

approximated to the nearest integer for all parameters but

NLR. The cut-off for NLR at baseline was 5 as previously

described by others (30, 31). All the statistical analyses were

performed using the Python language environment version 3.10,

with the lifelines v0.25.7 (32), PyRadiomics v3.0.1 (29) and
Frontiers in Oncology 04
pandas v1.1.5 (33) software packages. Figures were generated

using Prism 9 (GraphPad, San Diego, CA, USA).
Results

Patients’ characteristics

This retrospective study includes 61 patients treated with

immunotherapy between 2015 and 2020, with MSI/MMRD

tumors. Each patient had 2 CT scans that were evaluated. In

total, 61,364 slices were analyzed to circumscribe 2120 lesions at

their largest axial axis. Patients’ baseline characteristics are listed

in Table 1. The median age of all patients was 64. The patients

had different primitive cancers, the most notable ones being

Colorectal Cancer (42%) and Endometrial (21%). Patients were

equally treated using either anti-PD-1 or anti-PD-(L)1. There

was no significant difference in OS or PFS according to the

therapy used (Supplementary Figure 1). The overall response

rate of patients was 51%. The median time to progression and

response were 3.2 (IQR: 1.5-9.4) and 3 (IQR: 2.0-6.5) months

respectively. 34 patients were right censored for the OS, and 27

for the PFS.
Baseline parameters

Five parameters extracted from the baseline CT-scan,

namely the comprehensive tumor volume (Volumebaseline), the

number of organs affected at baseline (Organ countbaseline),
FIGURE 1

Examples of annotations on CT scans of different metastatic patients at baseline. The upper part contains an overview (CT Scout image) of the thorax-
abdomen-pelvis CT scans that were fully annotated. Each colored dot in the overview is an annotation on its corresponding axial slice, the color
indicates the tumor location or type (See Figure legend). The lower part shows a few examples of the tumor annotations on the axial slice.
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the NLR (NLRbase l ine) , the total number of lesions

(Number lesionsbaseline) and the RECIST diameters’ sum

(RECISTbaseline), were analyzed and correlated with the OS and

PFS in a univariate study. The median cut-offs were: for

Volumebaseline 90cm3 (~5.6 cm in diameter); 3 organs for

Organ countbaseline; Number lesionsbaseline was 10 lesions; and

5.5 cm for RECISTbaseline. The most significant variable was the

Volumebaseline (OS p-value: 0.005, PFS p-value:<0.001)

(Figure 2). The RECISTbaseline and NLRbaseline were not

significant at this point of time. However, the variable

significant at baseline, correlating to the OS and PFS was

Number lesionsbaseline(OS p-value: 0.032, PFS p-value: 0.009)

(Supplementary Figure 2). The Organ countbaseline significantly

correlated only to the OS (p-value: 0.005).

A Cox regression hazard model was fitted on the 5 parameters

to analyze them in a multivariate setting. Two parameters were

found to be significant for predicting the OS: Volumebaseline
(HR=3.2, p-value=0.03) and the Organ countbaseline, (HR=2.7, p-

value=0.03) (Figure 3). The features were found to be independent
Frontiers in Oncology 05
of each other according to the Spearman correlation test.

Comparing the correlation among the variables, Volumebaseline
and RECISTbaseline had the highest correlation coefficient (0.65).
Variation parameters

The five parameters as at the baseline were also analyzed at

the first evaluation. Their increase or decrease were then

calculated in search of predictive biomarkers of response. The

RECIST sum of diameters variation (RECISTvariation) was highly

correlated to both OS and PFS (OS p-value:<0.001, PFS p-value:

<0.001) (Figure 4). The variation of the comprehensive tumor

volume (Volumevariation), the NLR variation (NLRvariation) were

also found to be significantly correlated to the OS (p-values:

0.006, and<0.001 respectively) and PFS (p-value:<0.001, and

0.007 respectively).

A Cox regression hazard model was fitted on the variation of

the parameters to analyze them in a multivariate setting.
TABLE 1 Baseline patients’ characteristics.

Characteristics No. %

Total patients 61 100

Age

Median 64

IQR 52-70

Sex

Male 29 48

Female 32 52

Tumor Type

Colorectal Cancer 26 43

Endometrial 13 21

Gastric 7 11

Small Intestine 5 8

Prostate 2 3

Ovarian 2 3

Esophagus 2 3

Pancreas 2 3

Adrenal Gland 1 2

Uterine cervix 1 2

Treatment

Anti-PD-1 26 43

Anti-PD-L1 35 57

Responder

Yes 31 51

No 30 49

Time to progression (months)
Median
95% CI median
Time to response (months)
Median
95% CI median

3.2
1.8-6.1
3.0

2.1-6.0
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Two parameters were found to be significant: The RECISTvariation
(HR=3.4, p-value=0.02) and NLRvariation (HR=2.9, p-value=0.04)

(Figure 5). None of the features were found to be correlated

according to the Spearman correlation test. The features with the

highest correlation coefficient were the tumor volume

(Volumevariation) and the increase in the number of organs

affected (Organ countvariation), with a coefficient of 0.52.
Concordance score

A concordance score was computed for NLRvariation and

RECISTvariation; as well as for NLRvariation and Volumevariation. A

concordance score reflects a mutual increase, a mutual decrease,

and a discordance in the two parameters. Both concordance

scores were found to be significant, with the Volumevariation and

NLRvariation found to be slightly more significant than

RECISTvariation and NLRvariation (p< 0.05 log-rank test between

mutual decrease and discordance, corresponding to both OS and

PFS) (Figure 6).
Discussion

Understanding factors that contribute to ICB effectiveness is

crucial to a broader application of these therapies. By

investigating the biological and clinical parameters of the
Frontiers in Oncology 06
study and gathering patients diagnosed with different

histological MSI tumors treated with PD-(L)1, we found that

Tumor Volumebaseline predicts the outcome of anti-PD-(L)1

response (OS, p-value: 0.005, PFS, p-value:<0.001). We could

thus consider to have much greater benefit of anti-PD-(L)1

treatment for patients in adjuvant setting with microscopic or no

residual disease as compared to patients that had already

received numerous lines of therapies (34).

Alternatively, the RECISTbaseline was not a prognostic

biomarker. Therefore, the accurate measure of metastatic

spread would be important to predict anti-PD-(L)1 response.

Whether RECISTbaseline could be associated with ICB response

still remains elusive given that some centers have also found that

RECISTbaseline was not a prognostic biomarker (35), while others

found the opposite (36, 37). Thus, more studies are needed to

assess the role of RECISTbaseline as a predictive biomarker for

ICB response. Furthermore, the RECIST choice of target lesions

seems to suffer from reproducibility, as shown by Kuhl et al. (28)

where 59% of the patients evaluated by three different

radiologists had a discordance in the choice of the target

lesions, resulting in different sums of diameters of five

target lesions.

RECIST 1.1 criteria defines a progressive disease as an

increase of 20% of the sum of the targeted lesions, a partial

response as a decrease of 30% and a stable disease if none of the

above (with the caveat of considering only the target lesions)

(24). In this study, we chose to compare an increase or decrease
A

B

C

FIGURE 2

Volumebaseline predicts OS and PFS. Overall survival and Progression-free survival plotted using a Kaplan Meier estimation with their respective
confidence intervals (95%). The parameters studied are: (A) The sum of RECIST diameters (RECIST); (B) Total tumor volume (Volume); and (C)
Neutrophil-to-lymphocyte ratio (NLR). For Kaplan–Meier estimation, tick marks represent data censored at the time of the last imaging
assessment and statistical analyses were performed using Log-rank (Mantel-Cox) test. Symbol significance: * p ≤ 0.05; ** p ≤ 0.01; *** ≤0.001,
**** ≤0.0001.
frontiersin.org

https://doi.org/10.3389/fonc.2022.982790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Belkouchi et al. 10.3389/fonc.2022.982790
of the RECIST diameters (RECISTvariation) to an increase or

decrease of the global volume (Volumevariation), instead of a

comparison to the RECIST 1.1 thresholds. Three key reasons

justified this choice. First, and foremost, the median time of
Frontiers in Oncology 07
response or progression according to the RECIST 1.1 criteria was

3 months, while the time of the first evaluation was 2 months.

Thus, using RECIST 1.1 criteria during the first evaluation was

likely too restrictive as several patients would be considered with
A

B

FIGURE 3

Multivariate analyses determine Volumebaseline and Organ countbaseline as the most predictive variables for OS. Volumebaseline, Organ countbaseline,
NLRbaseline, Number of lesionsbaseline and RECISTbaseline were compared by multivariate analyses. (A) The Spearman correlation coefficients of the
five parameters. (B) Log-hazard ratio (HR) according to each covariate. Data are shown as HR (95% CI).
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a stable disease while they could respond later. Second, while

RECIST criteria had defined cut-offs to apply in the 1D setting,

there is no consensus to define a response or a progression

according to a 3D setting yet. Schiavon G. et al. examine this

issue by mathematically transposing the RECIST thresholds to

3D (38). The concern of this approach is that the RECIST 1.1

only considers 5 lesions, whilst the total volume considers all the

tumors in the body, which would imply that such a method

would likely underestimate the total volume progression of all

tumors. The Quantitative Imaging Biomarkers Alliance (QIBA)

claims that a true change in lung tumor volume occurs at a

specific threshold given a certain size. This study suggests that

site-specific analysis should be performed to assess the

repeatability and change detectability of tumor volume

measurements (39). Third, since one of the key aim of this

study was to compare the ability of RECIST and Volume to

predict PFS/OS, we wanted to find a common threshold for both

with a biological relevance. Both RECISTvariation and

Volumevariation were predictive factors for PFS and OS, which

is an argument in favor of this comparison.

Interestingly, Tumor Volumevariation did not show higher

performances as compared to RECISTvariation suggesting that the

extensive work of measuring all the lesions might be only necessary

at baseline. However, we believe that Tumor Volumevariation
assessment could be critical during treatment. Since the PFS is

defined by the RECIST 1.1 criteria, the comparison between Tumor

Volumevariation and RECISTvariation should only be done according

to the OS.While Tumor Volumevariation accounts for non-target and
Frontiers in Oncology 08
new lesions, RECISTvariation does not. Interestingly, these lesions had

been described to be at least as important as the target lesions

determined by RECIST 1.1 in the occurrence of progressive disease

(40, 41). Therefore, Volumevariation likely gives a more robust criteria

for defining progression.

As previously reported in Nebot-Bral et al., NLRbaseline is

highly variable across MSI tumors and should not be used as a

predictive biomarker of ICB response (16). In this cohort, we

confirmed NLRvariation as an early predictive biomarker.

NLRvariation, Volumevariation and RECISTvariation were not

correlated. Consequently, these parameters should be used

together to predict more accurately the outcome of anti-PD-

(L)1 response shortly after treatment initiation. The

concordance score is an easy, cost-effective way to combine

clinical and biologic parameters for each patient.

The results of the phase II CheckMate-142 trial indicated

that Nivolumab (anti-PD-1 monoclonal antibodies) plus

Ipilimumab (anti-CTLA-4 monoclonal antibodies) achieved

higher response rates than previously reported for nivolumab

(55% vs. 31% ORR) in patients with pretreated MSI-H/MMRD

metastatic CRC (42). Given that Volumebaseline and concordance

score could be used as a prognostic and predictive biomarker of

anti-PD-(L)1 therapy respectively for patients with MSI tumors,

we could propose the combination of anti-PD-(L)1 + anti

CTLA-4 either for patients with Volume baseline > 90cm3 or

patients that have an early increase of the concordance score.

These results warrant further investigations on larger

prospective cohorts.
A

B

C

FIGURE 4

RECISTvariation, Volumevariation and NLRvariation predicts OS and PFS. Overall survival and Progression-free survival plotted using a Kaplan-Meier
estimation with their respective confidence intervals (95%). The parameters studied are: (A) The increase in the sum of RECIST diameters
(RECIST); (B) Increase of total tumor volume (Volume); and (C) Increase of neutrophil-to-lymphocyte ratio (NLR). For Kaplan–Meier estimation,
tick marks represent data censored at the time of the last imaging assessment and statistical analyses were performed using Log-rank (Mantel-
Cox) test. Symbol significance: * p ≤ 0.05; ** p ≤ 0.01; *** ≤0.001, **** ≤0.0001.
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Specific sites of the disease may hold unique mechanisms of

resistance. Liver metastases have been associated with worse

prognosis as opposed to lung metastases that are correlated with

improved overall survival (43, 44). However, we did not find any

correlation between the anatomical locations of metastases and

ICB response. This could be due to the high heterogeneity of the

cohort, with more than 10 different metastatic sites for 61

patients included in the study. In line with this, the hypothesis

of resistance mechanisms being organ specific or texture

parameters of the lesions discriminating response vs relapse,

needs to be explored. Therefore, the use of radiomics to extract
Frontiers in Oncology 09
radiographic characteristics from the tumor image to produce

statistics related to the heterogeneity or contrast of the tumor

region, coupled with the predictive power of artificial

intelligence (AI) algorithms is proposed as a new novel non-

invasive biomarker for immunotherapy response (41–43).

This study has inherent limitations, including those that

arise due to its retrospective nature and the performance being a

single center study. Multi-center prospective cohort studies with

larger sample sizes are warranted in the future. In addition, the

NLR can be influenced by multiple factors, such as infection or

drug uptake, which were not assessed in this study. Lastly, the
A

B

FIGURE 5

Multivariate analyses determine RECISTvariation and NLRvariation as the most predictive variables for OS. RECISTvariation, NLRvariation, Volumevariation
Number lesionsvariation and Organ countvariation were compared by multivariate analyses. (A) The Spearman correlation coefficients. (B) Log-
hazard ratio (HR) according to each covariate. Data are shown as HR (95% CI).
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volume of each tumor was approximated. Altogether, our results

suggest that, for patients with MSI tumors, the use of tumor

volume at baseline (Volumebaseline) and the concomitant

evaluation of NLRvariation and RECISTvariation or NLRvariation

and Volumevariation earlier after treatment initiation predicts

the outcome of anti-PD-(L)1 even before classical RECIST 1.1

evaluation of response/resistance.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by Gustave Roussy’s ethics committee. The patients/

participants provided their written informed consent to

participate in this study.
Author contributions

Conceptualization: AH, NL, LN-B, and YB. Methodology:

LN-B, YB, LL. Investigation: AH and LN-B. Resources: MK, LL,

and LN-B. Funding acquisition: AH and NL. Project

administration: AH, NL, HT, and P-HC. Writing – original
Frontiers in Oncology 10
draft: LN-B, YB, and LL. Writing – review & editing: YB, LN-B,

LL, MK, CD, SA, P-HC, HT, PK, NC, NL, and AH. All authors

contributed to the article and approved the submitted version.
Funding

This work was funded by Gustave Roussy Cancer Campus,

Centre National de la Recherche Scientifique (CNRS), SIRIC

SOCRATE INCa-DGOS-INSERM_6043, SIRIC SOCRATE 2.0

INCa-DGOS-INSERM_12551, and La Ligue Nationale Contre le

Cancer – Equipe labellisée EL2018_Kannouche. LN-B received

funding from Philanthropia Foundation - Lombard Odier and la

Ligue Nationale Contre le Cancer.
Acknowledgments

This work was supported by DATAIA institute, Université
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