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Simple Summary: It is estimated that 73% of advanced non-small cell lung cancers (NSCLC) will
become malnourished and develop cachexia which is considered as an independent prognostic
factor. Therefore, this study aimed to investigate the association between nutritional assessments
and (i) immunotherapy efficacy, (ii) tolerance, and (iii) survival in patients with an advanced NSCLC
stage of lung cancer treated with immunotherapy. In total, 67% of the 120 patients analysed were not
malnourished, 20% presented with moderate malnutrition, and 13% presented with severe malnutri-
tion. There was no significant link between the nutritional status and the toxicity of immunotherapy.
However, severe malnutrition was significantly associated with treatment efficacy and with a lower
survival rate. Malnutrition appears to have a negative impact in the case of immunotherapy, in
contrast to a high body mass index, which seems to be protective. In addition to confirming the
benefits of early and appropriate nutritional management, research must also focus on catabolism
and the uncontrolled inflammatory mechanisms.

Abstract: Malnutrition is associated with a greater risk of morbidity and mortality and lower tolerance
to chemotherapy. Our purpose was to study the association between nutritional status and the
efficiency and tolerance of immunotherapy in non-small cell lung cancer (NSCLC). Nutritional
and oncological data were reported at 2 months (M2) and 4 months (M4) after the initiation of
immunotherapy (M0). The influence of nutritional status at M0 was estimated with the efficacy
and toxicity of immunotherapy at M2 to M4. In total, 127 patients were included in the study,
and nutritional status was estimated at MO for 120 patients: 67% were not malnourished, 20%
presented with moderate malnutrition, and 13% presented with severe malnutrition. There was
no significant link between the nutritional status at M0 and the toxicity of immunotherapy at M2
and M4. However, severe malnutrition was significantly associated with treatment efficacy at M2
(p =0.04) and with a lower survival rate with an HR (Hazard Ratio) = 2.32-95% C.I: 1.13-4.75
(p = 0.02). Furthermore, a monthly decrease of 1% of the weight had an HR = 1.17-95% C.I: 1.13-1.21
(p = 0.0001). Severe malnutrition and weight loss are independent factors associated with lower
survival. Studies integrating the systemic detection of sarcopenia with a closer nutritional follow-up
could highlight an improvement in survival.
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1. Introduction

Lung cancer is a leading cause of cancer deaths worldwide, with an estimated
1,796,144 deaths in 2020 [1]. More than half of non-small cell lung cancers (NSCLCs)
are diagnosed at an advanced stage [2]. Moreover, patients with a metastatic NSCLC have a
high symptom burden and poor quality of life. Estimated prognosis is less than 1 year [3,4].

The advent of immune checkpoint inhibition with anti-PD-1 and anti-PD-L1 has
fundamentally changed the management of patients with advanced NSCLC [5]. The
choice of treatment for lung cancer depends on the histology, stage, and mutation status.
Immunotherapy is indicated as a second-line treatment in patients with advanced squa-
mous and non-squamous NSCLC, without activating mutations, previously treated with
platinum-based doublet chemotherapy or alternative first-line agents [6,7]. As an example,
immunotherapy significantly prolonged overall survival (OS), with a 2-year OS rate of 48%
—regardless of PD-L1 expression—and a favourable safety profile compared with docetaxel,
which was the only reference treatment for these patients [2].

Despite these therapeutic advances, metastatic lung cancer has a negative impact on
patients’ physical, psychological, and social functioning. Patients reported symptoms due
to disease and treatment, including fatigue, decreased appetite, nausea, and diarrhoea [2].
Nutrition is an important therapeutic component. Studies suggest a link between malnutri-
tion and the tolerance and/or efficacy of chemotherapy [8]. The prevalence of malnutrition
is high in patients with cancer, especially at an advanced stage, and it is estimated that 73%
of advanced NSCLC will become malnourished and develop cachexia [9,10]. Weight loss
has been identified as an independent prognostic factor, regardless of the cancer site and
disease severity [11]. Moreover, cachexia is responsible for over 20% of all cancer-related
deaths [12]. Malnutrition is a prognostic factor of poor treatment outcomes, correlated
with a decreased quality of life and an increased chemotherapy toxicity [13]. Beyond that,
nutritional care can improve outcomes, but is under-evaluated in daily practices [14], and
little is known about the link between malnutrition and immunotherapy. Therefore, this
study aimed to investigate the association between nutritional assessments and (i) im-
munotherapy efficacy, (ii) tolerance, and (iii) survival in patients with an advanced NSCLC
stage of lung cancer treated with immunotherapy.

2. Materials and Methods
2.1. Study Design and Setting

We conducted a retrospective analysis in a cohort selected from one comprehensive
cancer centre. In this centre, nutritional care is triggered by oncologists when they detect
nutritional risk factors or malnutrition. Nutritional care is available for in- and outpatients,
delivered by specialised healthcare professionals composed of five dieticians and one
nutritionist physician.

2.2. Study Population and Data Source

The cohort was selected using ConSoRe, a new data analysis solution aggregating
diverse forms of structured and unstructured data extracted from digital medical files
at several French cancer centres. ConSoRe uses natural language processing to search
aggregated data and perform advanced data mining [15]. This data mining tool was used
to find all patients treated at Institut Curie for all stages of lung cancer.

To be included, patients had to be treated at the Institut Curie for lung cancer of any
stage. They should have received at least two injections of second-line immunotherapy
with anti-PD-1/PD-L1 inhibitors between June 2015 and November 2017 in a clinical trial
or not (mostly nivolumab) at the time the study was conducted. The inclusion date was the
date of the first nivolumab injection, and follow-up ended either at the date of death or in
May 2018. We excluded patients who had had other previous cancers.
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2.3. Data Collection

Data collection was approved on 10 April 2018 by the local data protection officer
on behalf of French regulatory authorities (Commission Nationale de I'Informatique et
des Libertés, CNIL) in accordance with MR004 methodology. All patients were informed
of the possibility of their health data being used for research purposes and expressed
no opposition to this possibility. Parameters were assessed at baseline (i.e., first dose of
immunotherapy) (M0), two months after the first dose of immunotherapy (M2), and at four
months (M4).

2.3.1. Patient Characteristics

Clinical data and tumour characteristics were extracted from digital medical files,
including hospitalisation and consultation notes. At baseline, sex, date of birth, height,
body weight (kg), calculated body mass index (BMI; kg/m?), and performance status (PS)
were collected. Concerning the disease, the personal history of the lung cancer integrated
site and number of metastases, current treatment, date of first immunotherapy adminis-
tration, presence of comorbidities (cardiac, respiratory, and metabolic), and PD-L1 status
(considered positive if >1%) were collected.

2.3.2. Tumour Outcomes

The Response Evaluation Criteria in Solid Tumours (RECIST) V1.1 was used to assess
tumour progression between diagnosis and the second and fourth months. Therapeutic
choices included the pursuit of immunotherapy, change in treatment line, or palliative care.

2.3.3. Toxicity

Treatment toxicities were noted according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (NCI-CTCAE) v5.0. Grade and type of toxicity
were identified by examining all hospitalisation reports and oncology visit reports recorded
in the patient’s medical file.

2.3.4. Malnutrition: Clinical Data

The nutritional status of each patient was defined according to French Health Author-
ity guidelines. The values retained in this study were those commonly used to diagnose
malnutrition: a weight loss of 5% in one month or 10% in six months defined moderate
malnutrition (along with BMI < 18.5), and 10% in one month or 15% in six months defined
severe malnutrition (along with BMI < 17). Date of nutritional follow-up, dietary intake
(only total calories ingested), causes of dietary intake decrease (appetite disorders, diges-
tives obstruction, digestive disorder, restrictive diet, multi-medication, or other reasons),
and usual weight were collected.

Biological parameters (pre-albumin, albumin, C-reactive protein, and immune mark-
ers) were assessed by clinical dietitians affiliated with the study.

The modified Glasgow Prognostic Score (mGPS) was calculated according to the
method of Forrest et al. [16]. Patients with a normal albumin level (3.5 g/dL) and CRP
(1.0 mg/dL) were allocated a score of 0, and those with both low albumin (<3.5 g/dL)
and high CRP (>1.0 mg/dL) were scored 2 [17]. Patients with only an elevated CRP
(>1.0 mg/dL) were assigned a score of 1.

2.4. Statistical Analyses

Associations between clinical characteristics and nutritional status were studied with
chi square or Fisher’s exact tests for categorical variables and Student’s t-tests for con-
tinuous variables. Predictive factors of treatment response or toxicity were identified by
univariable analysis using chi square or Fisher’s exact tests for categorical variables and lo-
gistic regression with multivariable fractional polynomials (MFPs) for continuous variables.
Multivariable analysis was performed using logistic regression. Concerning the analysis of
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the response rate at M2, the parameters were estimated with a penalised likelihood due to
the complete separation of data.

For survival analysis, the prognostic value of categorical predictors was studied with
log-rank tests. The effect of the weight variation over time on survival was studied by means
of a joint model. Weight variation was modelled with a linear mixed model, while survival
was modelled with a Cox model. Dietician consultations were treated as time-dependent
covariates. Continuous variables were studied by means of the MFP. Multivariable analysis
used a joint model.

Statistical analyses were conducted with R software. Values of p < 0.05 were considered
to indicate significance in all statistical tests.

3. Results
3.1. Patient Characteristics
3.1.1. General Characteristics

Patient characteristics are shown in Table 1. In total, 127 patients treated with im-
munotherapy at Institut Curie (Paris, France) were included between 18 June 2015 and
16 November 2017 (Figure 1). The mean age at first injection was 67 years (Sd = 8), and
56% (n = 71) of patients were men. The mean time since cancer appeared was 16 months.
Adenocarcinoma was the most frequent histological type, found in 71% of cases. Almost
all the patients included had stage IV disease (92.9%; n = 116), metastatic in at least one
site in 93% of cases (n = 118) and two sites in 68% (n = 86). For 84 patients, immunother-
apy was administered as second-line treatment, and 98% of these had a platinum-based
chemotherapy as first-line treatment.

Table 1. Sociodemographic and clinical characteristics of the study population at baseline (n = 127).

Characteristic Mean (SD) n (%)
Sex
Men 71 (56)
Women 56 (44)
Age at diagnosis 67 (8)
BMI 23.7 (4.4)
Stage
2 1(0.8)
3 9(7.1)
4 117 (92)
PS at inclusion
0 33 (26)
1 81 (64)
2 13 (10)
PD-L12
>1% 12 (57)
<1% 9 (43)
Number of metastatic sites
0 9(7.1)
1 32 (26)
2 42 (33.1)
3 25 (19.7)
4 or more 19 (15)
Smoking
No 15 (12)
Actual 18 (14)
Previous 94 (74)
COPD
Yes 23 (18)
No 104 (82)

2 missing data n = 106.
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Mo 127 patients treated by nivolumab

M2 127 patients received nivolumab until M2

53% (n=70) continue nivolumab

N=2
stop nivolumab

M4 68 patients received nivolumab until M4

70% (n=68) continue nivolumab

N=20
stop nivolumab

Figure 1. Flow chart describing the selection of the study population using ConSore (n = 127).

3.1.2. Nutritional Status at Baseline

A total of 13% (n = 16) of patients suffered from severe malnutrition, and 20% (n = 24)
suffered from moderate malnutrition. The mean BMI at the start of immunotherapy was
23.14 kg/m?, and approximately 27% (n = 32) of patients had weight loss greater than 10%
compared to the usual weight.

3.1.3. Dietary Management

When immunotherapy was introduced, approximately half of the patients were fol-
lowed by a dietician: 40% had a decrease in food ingesta, and the most common reason
was loss of appetite.

3.2. Association between Nutritional Status and Clinical Characteristics

The majority (90%) of patients had a performance status (PS) of 0-1 at the initiation of
immunotherapy. We found an association between PS and smoking status at inclusion and
nutritional status (p = 0.003 and p = 0.007, respectively).

3.3. Influence of Nutritional Status on Immunotherapy Efficacy

All included patients received immunotherapy until M2 (n = 127). A total of 60.6%
of patients progressed during the 2 months (n = 77), and 39.3% had a stable or regressing
disease (n = 50). Immunotherapy was continued for a total of 55.1% of included patients
(70 of 127 patients) at the end of M2. Grade I or II toxicities occurred in 15% (n = 19) of
patients, with only 1 experiencing grade III toxicity. Of the 127 patients included, 53%
(n = 68) received immunotherapy until at least M4, and the majority (70%) continued to be
treated beyond M4.

In patients who had regression of their disease (22 out of 127 individuals included, i.e.,
about 17%), severe undernutrition was significantly associated with therapeutic efficacy at
M2 (p = 0.04) in univariate analysis, as well as at M4 (p = 0.05). In multivariate analysis, no
factor was significantly associated with therapeutic efficacy.

3.4. Influence of Nutritional Status on Immunotherapy Tolerance

Only 15% of the 127 patients experienced toxicities at M2, almost exclusively grade II
or less (94.7%) (Figure 2). The most common toxicity was cutaneous. Only 3 had digestive
toxicities.
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Figure 2. Onset of toxicities and evolution of weight loss at M2 (n = 127).

In multivariate analysis, smoking status, the occurrence of metastasis, and nutritional
status were not associated with tolerance or efficacy of immunotherapy.

3.5. Influence of Nutritional Status on Survival

Median OS was 13 months (95% CI: 10-18) for the whole population, and the median
follow-up was 17 months.

At univariate analysis, severe malnutrition and weight loss were associated with
reduced survival (HR =2.32, IC 1.13-1.21, p = 0.02) (Figure 3).
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Figure 3. Influence of nutritional status (severe malnutrition yes/no) on survival (p = 0.02) (n = 127).
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A multivariate analysis was then performed with the variables of the univariate model
including performance status, weight change, and severe malnutrition at the beginning
of treatment. Severe malnutrition at baseline (M0) (HR = 2.32, 95% CI 1.13-4.75, p = 0.02),
performance status (HR = 1.82, 95% CI 0.95-3.49), and weight change corresponding to a
1% monthly weight decrease compared to weight at baseline (HR = 1.16 95% CI 1.12-1.21,
p < 0.01) were associated with lower survival.

3.6. Nutritional Assessment, Weight Changes during Treatment

Weight evolution. Of the 127 patients at inclusion, 124 had a weight measurement at
M2. Of them, 23% (29 patients) experienced more than 5% weight loss compared to their
weight at M0, including 11 patients with a weight loss of more than 10%.

Dietary management. There was no relation between dietary management and reduc-
tion in food ingesta.

Furthermore, the results showed an association between decreased ingesta and di-
etary management during follow-up in patients not initially managed (at M0) (HR = 3.8,
IC 1.8-6.3, p < 0.001).

4. Discussion

The main objective of this retrospective study was to evaluate the association between
nutritional assessments and (i) immunotherapy efficacy, (ii) tolerance, and (iii) survival in
patients with an advanced stage of lung cancer treated with immunotherapy. Although
severe malnutrition was significantly associated with treatment efficacy at M2, there was
no significant relationship between nutritional status and toxicity. However, a weight loss
of more than 1% compared with baseline was associated with a poorer OS.

In current practice, several biomarkers are used to predict the response to immune check-
point inhibitors, such as PD-ligand 1 (PD-L1) expression level and tumour genetics [18,19].
However, these biomarkers have poor reproducibility, and immunotherapy is an expensive
therapy that may cause adverse effects for our patients [20,21]. New predictive biomarkers
are necessary to optimise the therapeutic benefits for patients and minimise the risk of
toxicity [22].

Weight loss is a common symptom that is one of the first symptoms of cancer in
more than 50% of cases and occurs in more than 70% of cases during the course of the
disease [23]. Weight loss is multifactorial, but anorexia and hypermetabolism caused by
tumour activity are the two main causes of weight loss. Pain (abdominal or not), sleep,
mood and transit disorders, nausea, and vomiting are all symptoms that stimulate the
anorexigenic pathway at the expense of the orexigenic pathway. The same applies to taste
and smell disorders, which are sometimes present at diagnosis in 15% to 20% of patients
and whose prevalence remains high, up to 39% for dysgeusia [24,25]. In parallel, tumour
metabolism and inflammation can increase resting energy expenditure and simultaneously
decrease energy intake, tilting the weight balance toward a negative energy balance, and
thus toward weight loss [26]. TGF-f super family cytokines (GDF11, activins) can lead
to a decrease in protein synthesis through a cellular cascade and a significant increase in
muscle protein breakdown [27,28]. Finally, the pro-inflammatory cytokines TNF-a and IL-1
directly activate certain pathways, leading to muscle proteolysis. Moreover, TNF-a is also a
potent stimulant of the anorexigenic pathway, and IL-1 acts negatively on the orexigenic
pathway, reducing protein-energy intake limiting muscle protein synthesis [29,30].

Although complex, there is a relationship between the immune system and the nutri-
tional status of patients, which may influence the response to immune checkpoint inhibitors
and thus affect tumour progression and prognosis [31,32]. Malnutrition in cancer is a major
problem whose diagnosis relies on the combination of a phenotypic and an aetiological
criterion. Furthermore, cancer cachexia is characterised by an inflammatory state causing
immune and nutritional disorders [32]. This condition disrupts T-cell metabolism and
function through several interrelated cytokines, such as IL-6 and TNF-«, as well as stress
hormones, and has been shown to be associated with a poor response to immunother-
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apy [33]. On the other hand, prolonged exposure to immunotherapy appears to be a factor
in better response to treatment [34]. One study showed that cancer patients with more
advanced cachexia had lower serum concentrations of immunotherapy [35]. Recently,
other studies have found that the progression of cachexia decreases the efficacy of im-
munotherapy treatment in patients with NSCLC and gastric cancer [36,37]. The present
study corroborates these data, as nearly all patients included in this study had advanced
and long-standing disease, and severe malnutrition was significantly associated with a
decrease in the efficacy of immunotherapy at M2 and M4 in the univariate analysis. This
effect disappeared in multivariate analysis, probably due to a lack of power. However, it re-
mains important to consider the impact of metabolic abnormalities caused by malnutrition
reducing the therapeutic effect of immune checkpoint inhibitors [38,39].

In our study, no direct link between nutritional status and tolerance to immunotherapy
could be demonstrated. This may be explained by the specific functioning of immunother-
apy, which aims to restore the immune system’s detection capacity with respect to tumour
cells, in order to activate the apoptotic cascade and thus stop tumour proliferation.

Several studies confirm our observations regarding the statistically significant relation-
ship between survival and severe malnutrition on the one hand, and between survival and
weight loss on the other [8,38]. While Degens et al. [40] found that an early weight loss of
more than 2% was an independent predictor of poor overall survival, our study shows that
even a minimal loss of 1% per month is associated with poorer survival. These elements
strongly suggest that sarcopenia should be detected earlier, especially as patients are seen
regularly in consultation and benefit from complementary examinations that can be used
for diagnosis (biological and scannographic examinations, in particular). Early manage-
ment, in parallel to the cancerous disease, must be carried out as soon as the diagnosis of
sarcopenia is made, and regular follow-up is then necessary. In our study, the prevalence of
malnutrition at initiation of immunotherapy was 33%. This figure is slightly lower than in
the literature and is probably underestimated due to a lack of data, or to an overestimation
of the weight declared by the patients [41]. In contrast, almost half of the patients had
received at least one consultation with a dietician. Unfortunately, we do not have a precise
description of the dietary management in our study, which could impact differently on the
management of patients. Thus, it is possible that the nutritional measures implemented
during the consultations prior to the introduction of immunotherapy may have helped
curtail any weight loss, thereby correcting the nutritional status. Simply correcting weight
loss, i.e., maintaining a stable weight by specific nutritional measures (e.g., meal enrich-
ment, use of oral nutritional supplements), could increase survival without disrupting the
specific course of treatment [42,43]. The objective is to increase the patient’s caloric and
protein intake through everyday foods, considering all other aspects of the diet [44]. The
effectiveness of oral nutritional supplements has been demonstrated in various situations of
malnutrition or at risk, and their prescription is recommended in particular for the elderly
and for cancer patients [45,46]. Several randomised controlled trials, systematic reviews,
and meta-analyses have shown that nutritional care improves weight status, energy and
protein intakes, treatment tolerance, and survival, and reduces nutrition-related symptoms,
hospital readmissions, and mortality in patients with different tumour types undergoing
various cancer treatments [47-51]. Just as it seems to be accepted for pain, it would also be
desirable to have a common discourse between carers reinforcing the action on nutritional
management to improve its quality and ensure the patient’s adherence to this therapeutic
aspect [52].

Nutritional assessment, however, should not be limited to biological or anthropo-
metric data, as is the case in our study. The analysis of body composition on lumbar CT
scans becomes important as it allows the quantification of skeletal muscle mass (SMM)
and total, visceral, and subcutaneous adipose tissue. Indeed, early loss of muscle mass
during immunotherapy treatment, independent of weight changes, does not appear to
be predictive of overall survival in contrast to patients treated with chemotherapy [40].
Conversely, several studies, including the one conducted by Cortellini et al., have shown
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that there is a significant association between obesity (BMI > 25) and improved ICI scores
in 976 patients [53]. Similarly, recent evidence suggests that the presence of adipose (white)
tissue may influence the response to immune checkpoint inhibitors in patients with ad-
vanced cancer. Although these techniques are very useful, the topography to be analysed
(L1, L3, psoas, or skeletal muscles?) and the cut-offs used need to be refined.

5. Conclusions

In conclusion, cachexia remains an important factor associated with survival in cancer
patients, regardless of the treatment received. Pre-treatment weight loss and low body mass
index are well known to adversely affect prognostic features in cancer patients treated with
chemotherapy [11,54]. Malnutrition also appears to have a negative impact in the case of
immunotherapy, in contrast to a high BMI, which seems to be protective. New biomarkers
are currently being studied, such as the Prognostic Nutrition Index (PNI), calculated from
serum albumin and total lymphocyte count. A meta-analysis has shown that the PNI is a
useful indicator for assessing nutritional and immunological conditions in lung cancer [55].
PNI is an inexpensive, easy-to-perform, non-invasive, rapid, and standardised tool for
estimating cancer prognosis [56].

Prognostic estimation is therefore crucial in cancer management, as is early assessment
of nutritional status, as it can have a significant influence on the choice of therapeutic
approach. In addition to confirming the benefits of early and appropriate nutritional
management, research must also focus on catabolism and the uncontrolled inflammatory
mechanisms. This approach would offer a second aspect of action, potentiating the effect of
increased nutritional intake, better used by the body.
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