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Prognostic Significance of HALP Score in Second-Line Nivolumab
Treatment of Advanced Non-Small Cell Lung Cancer
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ABSTRACT

Aim: The HALP score is a novel index based on easily accessible laboratory results, including albumin (ALB), platelet (PLT), lymphocyte (LYM), and
hemoglobin (HGB), levels, and is used as a prognostic factor in various types of cancer. Our study aims to investigate the prognostic significance of
the HALP score in patients with advanced non-small cell lung cancer (NSCLC) who progressed after platinum-based chemotherapy and subsequently
received nivolumab treatment.

Materials and Methods: A retrospective evaluation of 142 patients diagnosed with advanced NSCLC between January 2019 and December 2023 at
Trakya University Faculty of Medicine, Department of Medical Oncology, and Dr. ismail Fehmi Cumalioglu City Hospital was conducted. Laboratory
tests were performed within two weeks prior to the first nivolumab cycle, assessing LYM count, H level, PLT count, and ALB level. The HALP score
was calculated using the formula: HGB level (g/L) x ALB level (g/L) x LYM count (/L) / PLT count (/L). The optimal cut-off point for the HALP score
was determined by ROC curve analysis.

Results: Kaplan-Meier analysis demonstrated that the high-HALP score group had significantly better progression-free survival (PFS) compared to
the low-HALP score group [median 5 months 95% confidence interval (Cl): 4.1-5.9 versus 3.3 months 95% Cl: 2.4-4.1, p=0.001]. In multivariate
analysis, the HALP score (hazard ratio: 0.539, 95% Cl: 0.331-0.876, p=0.013) was confirmed as the only independent risk factor associated with PFS.

Conclusion: A strong association was found between a low HALP score and shorter PFS in advanced NSCLC patients treated with nivolumab in
the second line. Therefore, the HALP score may provide additional prognostic information in identifying the group of patients who will benefit the
most from treatment.
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0z
Amac: HALP skoru, albiimin (ALB), platelet (PLT), lenfosit (LYM) ve hemoglobin (HGB) diizeylerini iceren kolay erisilebilir laboratuvar sonuclarina
dayanan ve cesitli kanser tiirlerinde prognostik faktdr olarak kullanilan yeni bir indekstir. Calismamiz ileri evre kiiclik hiicreli disi akciger kanseri

(KHDAK) hastalarinda platin bazli kemoterapi sonrasi progrese olan ve sonrasinda nivolumab tedavisi alan hastalarda HALP skorunun prognostik
onemini arastirmayr amaclamaktadir.

Gereg ve Yontem: Ocak 2019'dan Aralik 2023'e kadar, Trakya Universitesi Tip Fakiiltesi, Tibbi Onkoloji Anabilim Dali ve Dr. ismail Fehmi Cumalioglu
Sehir Hastanesi'nde, ileri evre KHDAK tanisi konmus 142 hastanin retrospektif bir degerlendirmesi yapildi. Laboratuvar testleri, ilk nivolumab
dongtistinden en fazla iki hafta Gnce yapildi ve LYM sayisi, HGB seviyesi, PLT sayisi ve ALB seviyesini degerlendirdi. HALP skoru, H seviyesi (g/L) x ALB
seviyesi (g/L) x LYM sayisi (/L) / PLT sayisi (/L) formiildi ile hesaplandi. HALP skoru icin optimal kesim noktasi ROC egrisi analizi ile belirlendi.
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Bulgular: Kaplan-Meier analizi, yiiksek-HALP skoru grubunun, distik-HALP skoru grubuna gore anlamh olarak daha iyi progresyonsuz sagkalim
(PSK) gosterdigini gosterdi [ortalama 5 ay %95 giiven arahgi (GA): 4,1-5,9 karsisinda 3,3 ay (%95 GA: 2,4-4,1, p=0,001]. Cok degiskenli analizde,
HALP skoru (risk orani: 0,539, %95 GA: 0,331-0,876, p=0,013) PSK ile iliskilendirilen tek bagimsiz risk faktori olarak dogrulanmistir.

Sonug: ikinci basamakta nivolumab ile tedavi edilen ileri evre KHDAK hastalarinda diisiik HALP skoru ile daha kisa PSK arasinda giiglii bir iliski
bulunmustur. Bu nedenle, HALP skoru, tedaviden en fazla fayda gorecek grubu belirlemede ek prognostik bilgi saglayabilir.

Anahtar Kelimeler: HALP skoru, kiiclik hticreli disi akciger kanseri, progresyonsuz sagkalim, nivolumab, ikinci basamak tedavi

INTRODUCTION

Lung cancer is the most common type of cancer in the world and
ranks first in cancer-related deaths'. According to GLOBOCAN
cancer statistics, 41.264 people were diagnosed with lung
cancer in Turkiye in 2020 and 37.070 people died from this
disease?. Non-small cell lung cancer (NSCLC) accounts for 85%
of all lung cancers and 60% of patients are diagnosed at the
metastatic stage®. First-line treatment in patients who do not
carry targetable mutations is platinum-based chemotherapy.
In patients who develop resistance to first-line treatment,
second-line treatment options are limited and overall survival
(0S) is below 12 months*.

The discovery of immunotherapy agents in recent years has
led to an important paradigm shift in lung cancer second-line
treatment approaches. The interaction between programmed
cell death ligand 1 (PD-L1) in tumor cells and programmed
cell death 1 (PD-1) in T-cells allows tumor cells to escape
immune control®. Nivolumab, a human immunoglobulin G4
PD-1 antibody, potentiates antitumor immunity by disrupting
signaling between T-cells and tumor cells®. In 2015, two
large randomized phase 3 trials found that second-line
nivolumab treatment in NSCLC patients showed superiority in
0S, progression-free survival (PFS) and overall response rate
compared with standard docetaxel chemotherapy’®.

However, nivolumab has limited efficacy due to its high cost
and development of resistance to treatment in 60-80% of
patients®. This necessitates the identification of patient groups
that will respond the most to treatment, improving quality of
life and effective management of treatment costs™. Despite
limitations such as low test sensitivity, tissue failure, tumor
heterogeneity and expression variability, PD-L1 is the most
important biomarker for second-line treatment selection in
advanced NSCLC patients without targetable mutations. In
addition, other biomarkers such as tumor mutation burden,
tumor infiltrating lymphocytes (L) and DNA mismatch repair
are still under investigation'2. The limitations of existing
biomarkers increase the need for new predictive tools that are
more accessible, cost-effective and practical.

Studies had revealed that hematologic indicators such as
albumin (ALB), hemoglobin (HGB) and L were associated
with NSCLC prognosis, reflecting inflammation or nutritional

status™'%. However, these single indicators are limited as they
only reflect certain aspects. Previous research has shown
that combinations of these indicators provide more accurate
prognosis prediction than single indicators. For example,
parameterssuchasplatelet-to-lymphocyteratioand neutrophil-
to-lymphocyte ratio have been demonstrated as prognostic
factors in various cancer types'*'. In recent years, the HALP
score, which combines HGB, ALB, L and platelet (PLT) levels, has
shown a strong association with prognosis in various cancers.
However, there is insufficient research on the prognostic
role of the HALP score in advanced NSCLC patients.
This study evaluates the efficacy of nivolumab used as
second-line therapy in patients with advanced NSCLC and the
potential prognostic significance of HALP score in predicting
treatment response, and investigates its role in clinical practice
as a biomarker in determining the right patient selection and
treatment strategies.

MATERIALS AND METHODS

This retrospective study included 142 patients diagnosed with
advanced NSCLC at the, Trakya University Faculty of Medicine,
Department of Medical Oncology and Dr. ismail Fehmi
Cumalioglu City Hospital between January 2019 and December
2023. The inclusion criteria are: 1) pathologically confirmed
NSCLC, 2) Stage llIB-IIC or IV disease with at least one
measurable lesion, 3) Completed at least two cycles of second-
line treatment with 240 mg intravenous nivolumab every 14
days. The exclusion criteria are as follows: 1) Concurrent other
malignancies, 2) Presence of active infection, 3) Presence of a
targetable driver gene mutation, 4) Inadequate treatment or
laboratory data. In total, 142 patients met the study criteria.
Clinical characteristicssuch asgender, age, Eastern Collaborative
Oncology Group (ECOG) performance status, smoking history,
type of pathologic diagnosis, stage of diagnosis and metastasis
sites were recorded. Laboratory tests were performed no more
than two weeks before the first cycle of nivolumab treatment
and included L count, HGB level, PLT count and ALB level. The
HALP score was calculated by the formula HGB level (g/L) x ALB
level (g/L) x L count (/L) / PLT count (/L). Treatment response was
classified as progressive disease, stable disease, partial response
or complete response according to RECIST 1.1 criteria. PFS time
was defined as the time from the start of nivolumab treatment
to the time of the first signs of disease progression or death.
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This study was conducted in accordance with national
requlations, institutional policies and the principles of the
Declaration of Helsinki and was approved by the Non-
Interventional Scientific Research Ethics Committee of the
Dean's Office of the Trakya University Faculty of Medicine
(decision no: 2024/74, date: 04.03.2024).

Statistical Analysis

Statistical Package for Social Sciences for Windows (SPSS
20.0, SPSS Inc., Chicago, IL, USA) was used in the analyses. PFS
represents the time from nivolumab treatment start date to the
time of disease progression or death. Frequency, percentage,
mean and standard deviation values were calculated for
descriptive statistics. Independent samples t-test and chi-
square (y?) test were used to compare categorical variables.
The optimal cut-off point of the HALP score was determined
by ROC curve analysis, at which point sensitivity, specificity,
positive and negative predictive values were calculated.
The impact of prognostic factors and clinico-pathologic
features on PFS was evaluated by Kaplan-Meier analyses and
log-rank test. Cox proportional hazard regression model was

used to identify independent prognostic variables. Parameters
with a significant effect on PFS were selected among variables
that did not show multiple linear relationships. The statistical
significance criterion was set as p<0.05.

RESULTS

Patient Characteristics

The study cohort consisted of 142 patients with a median age
of 65.1 years (range: 40-83). 52.8% (n=75) of the patients
were 65 years and older. 89.4% (n=127) of the cohort were
male. 62% (n=88) of patients had an ECOG performance score
of 0, 1 or 2. 90.8% (n=129) of the cohort were current smokers
or had a long-term smoking history. Of the 96 patients (67.6%)
with PD-L1 test results, 53.1% (n=51) had PD-L1 expression
>1. EGFR and ALK mutations were not detected in any patient
included in the study. However, Kirsten Rat Sarcoma Virus
(KRAS) mutations were detected in 20.4% (n=29) and 24.1%
(n=7) of this group had KRAS G12C mutation. Brain metastases
were seen in 13.4% (n=19), visceral metastases in 35.9% (n=51)
and metastases to two or more sites in 33.1% (n=47). Clinical
and demographic data are summarized in Table 1.

Table 1. Clinical-demographic characteristics of the patients

General Low-HALP High-HALP
n, (%) n, (%) n, (%) p-value
Cohort size n, (%) 142 73 69
Median, range 65.1, (40-91) 64.4, (40-83) 65.5, (40-81)
Age, year
Mean, SD 64.3, (+7.9) 64.5, (+7.5) 64, (+8.6)
<65 67, (47.2) 38, (52.1) 29, (42)
Elderly group 0.244
>65 75, (52.8) 35, (47.9) 40, (58)
Male 127, (89.4 64, (87.7 63, (91.3
Gender (894 (67.7) (613) 0.589
Female 15, (10.6) 9, (12.3) 6, (8.7)
ECOG PS 0 88, (62) 47, (64.4) 41, (59.4) 0.605
1-2 54, (38) 26, (35.6) 28, (40.6)
Smoking at diagnosis Smoker/ex-smoker 129, (90.8) 68, (93.2) 61, (88.4) 0.391
Never smoked 13,(9.2) 5, (6.8) 8, (11.6)
Stage at diagnosis 1] 31, (21.8) 15, (20.5) 16, (23.2) 0.839
v 11, (78.2) 58, (79.5) 53, (76.8)
PD-L1 test at metastatic stage Tested 96, (67.6) 46, (63) 50, (72.5)
0 45, (46.9) 19, (41.3) 26, (52) 0.280
>1 51, (53.1) 27, (58.7) 24, (48)
) KRAS, positive
Molecular test at metastatic stage ) 29, (20.4) 16, (21.9) 13, (18.8) 0.682
KRAS, negative
Metastatic regions at the beginning of .
nivolumab treatment Brain, yes 19, (13.4) 8, (11) 11, (15.9) 0.463
Visseral metastasis, yes | 51, (35.9) 25, (34.2) 26, (37.7) 0.728
Number of metastatic regions at the
beginning of nivolumab treatment L 95, (66.9) 46, (63) 49, (71.0) s
2 and over 47,(33.1) 27, (37.0) 20, (29.0)
ECOG PS: Eastern Cooperation Oncology Group performance status, PD-L1: Programmed cell death ligand 1, KRAS: Kirsten Rat Sarcoma Virus, RO': Risk uniform analysis,
RO2: Risk multi variable analysis, SD: Standard deviation
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Evaluation of HALP Score as a Prognostic Factor for PFS

ROC curve analysis was performed to determine the optimal
cut-off point for the HALP score to predict disease progression.
The analysis showed that the optimal cut-off point for the HALP
score predicting disease progression was >27.24 [area under
the curve: 0.623; 95% confidence interval (Cl): 0.531-0.715;
p=0.014] (Figure 1). The results of Cox analysis revealed that
the ROC cut-off for the HALP score showed a better risk ratio
(RR) compared to the median cut-off (ROC cut-off: RR: 0.470;
p=0.001, median cut-off: RR: 0.594; p=0.023). In this analysis,
using the ROC curve cut-off, patients were divided into two
groups: low HALP score (<27.24, n=77) and high HALP score
(>27.24, n=69). Kaplan-Meier analysis revealed that the high
HALP score group showed significantly longer PFS than the
low HALP score group (median: 5.0 months; 95% Cl: 4.1-5.9 vs.
3.3 months; 95% Cl: 2.4-4.1; p=0.001) (Figure 2). In our study,
the median PFS for the whole group was 4.1 months (95% Cl:
95% 3.6-4.6). Clinical and demographic data of the patients
classified according to HALP score are presented in Table 1. In
order to evaluate the effects on prognosis, factors that may
affect PFS were analyzed by univariate analysis. In this analysis,
significant differences were found in relation to gender
(p=0.031), smoking habit (p=0.014), number of metastatic sites
(p=0.053) and HALP score (p=0.001). In multivariate analysis,
HALP score (p=0.013) was the only independent prognostic
factor associated with PFS. The median PFS values determined
by Kaplan-Meier and the results of univariate and multivariate
analysis are summarized in Table 2.

ROC Curve
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Figure 1. Optimal cut-off for HALP score ROC curve analysis

AUC: Area under the curve

DISCUSSION

International studies have shown that immunotherapy
improves survival in patients with advanced NSCLC™. These
findings are also supported by real world data®. In our study,
only PFS was evaluated in advanced NSCLC patients receiving
second-line nivolumab treatment and the median duration
was 4.3 months. Since OS data were not yet mature during the
statistical analysis process of our study, statistical evaluation
could not be performed. The PFS durations obtained in our
real-life cohort were found to be longer than those in
the CheckMate 017 and 057 studies’®. This indicates that
treatment efficacy continues in real-world conditions. Similar
limitations have been observed in other real-world studies
due to short follow-up periods and immature data™®?'2,
Although nivolumab is superior to standard chemotherapy
in second-line treatment, only less than 20% of treated
patients show PFS after two years®. This highlights the
importance of correctly identifying the patient group that
will benefit the most from treatment. The development
of simple and effective predictive models that can predict
prognosis and treatment response in advanced NSCLC
patients is critical to improve treatment efficacy. Thus, it will
be possible to establish individualized treatment strategies™.
Nutritional status and inflammatory response play a critical
role in cancer disease progression?. Cancer-associated anemia,
which occurs in approximately one third of cancer patients at
diagnosis, is associated with advanced stages of the disease?.
HGB level in the diagnosis of anemia and ALB level in the
evaluation of nutritional status are the basic parameters;
in addition, ALB is an important marker in the prognosis of
advanced NSCLC as a negative acute phase reactant®. Low L
count is associated with poor immune response and indicates

1,0
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- Low HALP score
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Figure 2. Kaplan-Meier analysis of groups with low and high
HALP scores
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Table 2. Single and multiple variable median progression-free survival analysis of patient sub -groups

. Median PFS PLT (log-
(V) 1 0, 2 0,
Cohort size (%) (95% CI) rank) RO' (95% CI) PLT RO? (95% CI) | PLT
<65 4.3, 3.7-5.1
Age, group 0.766
>65 3.2,2.3-4.2
Male 3.9,3.1-4.8 0.478.
Gender 0.027 0.031
Female 5.8, 3.6-8.1 0.244-0.936
ECOG 0 4.3,3.8-4.8 0.420
1-2 3.9, 2.9-4.9
. . . 0.372,
Smoking at diagnosis | Smoker 3.9, 3.1-4.7 0.011 0.014
0.169-0.822
Never smoked 6.4, 1.4-11.5
Stage at diagnosis 1l 4.5,41-49 0.316
\Y, 3.7,2.9-4.6
PD-L1 test at 0 3.4,2.5-43 0.91
metastatic stage
>1 4.3,4.1-4.6 0.91
Molecular test at KRAS: Positive 3.1,2.7-3.4 0.101
metastatic stage KRAS: Negative 4.3,3.9-4.6 ’
Metastatic regions Brain: Yes 4.3,3.5-5.2
at the beginning of ' 0.99
nivolumab treatment | NO 4.3,3.4-5.2
Visseral: Yes 3.9, 1.2-6.6
. 0.884
Metastasis: No 4.1, 3.6-4.5
Number of
i i 0.648, 0.651,
metastatic regions | , 43,3.7-4.8 0.050 0.053 0.076
at the beginning of 0.418-1.005 0.406-1.046
nivolumab treatment
2 and over 3.2,2.4-4
<27.24 3.3, 2.4-4.1 0.470, 0.539,
HALP score 0.001 0.001 0.013
>27.24 5.0, 4.1-5.9 0.297-0.746 0.331-0.876
ECOG: Eastern Cooperation Oncology Group performance status, PD-L1: Programmed cell death ligand 1, KRAS: Kirsten Rat Sarcoma Virus, RO': Risk uniform analysis, RO
Risk multi-variable analysis, Cl: Confidence interval, PFS: Progression-free survival, PLT: Platelet

poor prognosis?, while PLT count promotes metastasis of tumor
cells by increasing endothelial permeability through VEGF
Furthermore, P form a protective barrier around tumor cells
by blocking natural killer cell attacks and trigger metastasis.
ALB decrease in PLT levels provides a stronger inhibition of
metastasis compared to a decrease in granulocyte levels”. In
recent years, the HALP score (HGB, ALB, L and PLT) created by
the combination of these four parameters has been defined as a
parameter with high clinical predictive power in various cancer
types by reflecting nutritional and inflammatory status'.
In a study conducted for the first time in 2015 in gastric
cancer patients, Chen et al.?® showed that the HALP score
calculated preoperatively was an independent prognostic
factor and was closely associated with the course of the
disease and clinicopathologic features (p<0.001). The study
revealed that an increase in ALB, L and HGB levels was
associated with a good prognosis, while an increase in PLT
levels was associated with a poor prognosis. Following these

10

initial findings, Jiang et al.”® examined the HALP score in
locally advanced colorectal cancer patients and found that
a low HALP score was associated with a high risk of death
(p<0.001). Subsequent studies have confirmed that the HALP
score shows similar positive associations in different cancer
types, such as pancreatic, esophageal, bladder and small cell
lung cancer, and has clinical value as a prognostic marker®.
The HALP score was previously evaluated in early-stage
resectable NSCLC and it was shown that OS was significantly
longer in the HALP-High group than in the HALP-Low group
(p<0.001)*". In a study of 362 NSCLC patients receiving
adjuvant chemotherapy, lower HALP score was associated with
shorter disease-free survival (DFS) (p<0.01) and OS (p=0.02).
Furthermore, subgroup analyses revealed that lower HALP
score was a strong predictor of OS (p=0.01) and DFS (p=0.04)
in patients with locally advanced or metastatic NSCLC*.
In the recent study by Gao et al.®¥® evaluating HALP
score before first-line treatment in advanced NSCLC
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patients, PFS (13 months vs. 9 months) and survival times
(36 months vs. 16 months) were significantly longer in
the HALP-High group in 203 patients. These findings
support the HALP score as a strong prognostic marker.
In our study, ROC analysis determined the optimal cut-off point
for HALP score to predict disease progression as >27.24, and
Kaplan-Meier analysis showed that the high HALP score group
showed better DFS than the low HALP score group (5 months
vs. 3.3 months, p=0.001). In univariate analysis, HALP score as
well as gender, smoking habit and number of metastatic sites
were found to be associated with prognosis; in multivariate
analysis, HALP score was confirmed as the only independent
prognostic factor associated with DFS (p=0.013). These
findings demonstrate for the first time that the HALP score
is an important prognostic marker not only for early-stage or
chemotherapy-treated patients but also for advanced-stage
patients receiving immunotherapy.

Study Limitations

Our study has some limitations. The retrospective design and
the limited number of patients with only two centers makes
the generalizability of the results difficult and limits the
applicability of the findings to a wider population. Another
point is that the HALP score does not have an ideal cut-off
value that prevents routine use.

CONCLUSION

This study demonstrated the efficacy of nivolumab treatment
and the prognostic value of HALP score in patients with
advanced NSCLC. Higher HALP score was associated with
longer PFS. HALP score can be used as a potential biomarker to
predict immunotherapy response, but larger studies are needed
to confirm the findings.
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