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Diagnostic and predictive value of the hemoglobin-
albumin-lymphocyte-platelet score in thyroid
nodules: A retrospective analysis of 521 patients
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ABSTRACT

OBJECTIVE: The hemoglobin-albumin-lymphocyte-platelet (HALP) score, an integrated immunonutritional index, has shown
significant prognostic value in several aggressive solid tumors. However, its role in the diagnostic workup and predictive
stratification of thyroid cancer remains underexplored. This study aimed to comprehensively evaluate the diagnostic efficacy
of the pre-operative HALP score and its association with lymph node metastasis (LNM) in patients undergoing thyroidectomy.

METHODS: We retrospectively reviewed 521 consecutive patients who underwent thyroid surgery between 2022 and 2024.
Pre-operative laboratory parameters, including thyroid-stimulating hormone (TSH), fT4, albumin, and complete blood count,
were recorded. The HALP score was calculated as (HemoglobinxAlbuminxLymphocytes)/Platelets. Diagnostic performance
was evaluated using receiver operating characteristic (ROC) curve analysis in combination with multivariate logistic regres-
sion. A subgroup analysis was performed for malignant cases to evaluate predictors of LNM.

RESULTS: Of the cohort, 210 (40.3%) patients had malignant pathology. While serum TSH (p<0.001) and fT4 (p=0.043)
were significantly higher in the malignant group, the HALP score demonstrated no significant difference (50.8+17.9 vs.
51.2+£18.4, p=0.694). ROC analysis yielded an area under the curve of 0.510 for the HALP score, indicating a lack of dis-
criminative power. In multivariate analysis, only Bethesda categories V (odds ratio [OR]: 17.48) and VI (OR: 104.29) were
independent predictors of malignancy. For LNM, younger age (p=0.005), higher TSH (p=0.036), and lymphovascular invasion
(p<0.001) were significant predictors, whereas the HALP score showed no predictive value (p=0.919).

CONCLUSION: The pre-operative HALP score does not serve as a reliable diagnostic or predictive biomarker for thyroid
malignancy or LNM. Pre-operative stratification should remain focused on cytopathology and established clinical-ultrasono-
graphic risk factors.
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mong endocrine cancers, thyroid malignancies are
the most frequently encountered, with papillary
thyroid carcinoma (PTC) representing the predomi-
nant histological subtype [1, 2]. Despite its generally fa-
vorable prognosis, the management of thyroid nodules
remains a clinical challenge, particularly in the context
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of “overdiagnosis” and the need for accurate risk stratifi-
cation to guide surgical extent [3, 4]. While fine-needle
aspiration (FNA) remains the gold standard, its lim-
itations in indeterminate categories (Bethesda IIT and
IV) have spurred the search for novel, cost-effective

biomarkers (5, 6].
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Interactions between systemic inflammation, nutri-
tional status, and the tumor microenvironment play a key
role in cancer progression [7, 8]. Inflammation-related
hematological markers, including the neutrophil-to-lym-
phocyte ratio and platelet-to-lymphocyte ratio (PLR),
have been widely investigated as indicators of this rela-
tionship [9, 10]. Recently, the hemoglobin-albumin-lym-
phocyte-platelet (HALP) score has emerged as a more
comprehensive index, integrating both inflammatory
(lymphocytes, platelets) and nutritional (hemoglobin,
albumin) components [11, 12]. High HALP scores have
been associated with better survival in gastric, colorectal,
and renal cell carcinomas [13, 14].

However, the biological behavior of thyroid cancer
differs significantly from these aggressive solid tumors.
Thyroid malignancies, especially PTC, often exhibit an
indolent clinical course and may not elicit a systemic
inflammatory response of sufficient magnitude to alter
peripheral blood indices [15, 16]. This study seeks to
provide a comprehensive evaluation of the HALP score’s
diagnostic utility in a large, single-center thyroidectomy
cohort, while exploring its relationship with lymph node
metastasis (LNM) — a key determinant of surgical man-
agement and recurrence risk [17, 18].

MATERIALS AND METHODS

Study Design and Population

This retrospective cohort study was conducted at the
Department of General Surgery, Ankara Etlik City Hos-
pital, Turkey. We reviewed the medical records of all
patients who underwent thyroidectomy (total, lobecto-
my, or hemithyroidectomy) between October 2022 and
November 2024, The study protocol was approved by
the Institutional Ethics Committee of Ankara Etlik City
Hospital (AESH-BADEK-2024-1088, approval date:
November 27, 2024) and conducted in accordance with
the Declaration of Helsinki. Due to the retrospective na-
ture of the study, the requirement for informed consent
was waived.

Inclusion criteria were patients aged >18 years with com-
plete pre-operative laboratory and histopathological data.

Data Collection and Variables

Demographic data (age, sex), pre-operative laboratory
parameters (serum albumin, fI'3, fT'4, thyroid-stimu-
lating hormone [TSH], white blood cell, hemoglobin,

lymphocyte count, platelet count), and ultrasonographic

Highlight key points

e HALP score showed no diagnostic value in thyroid nodules

e No association was found between HALP score and LNM

o Cytopathological classification remains the strongest predic-
tor of malignancy

o Inflammation-based indices may be less useful in indolent
malignancies.

findings (nodule size, echogenicity, composition, micro-
calcification, TIRADS category) were retrieved from
the electronic medical records system. Pre-operative fine
needle aspiration biopsy results were classified according
to the Bethesda System.

The HALP score was calculated using the following

formula:

HALP=(Hemoglobin [g/dL]xAlbumin [g/dL]xLym-
phocyte count [/L])/Platelet count [/L]

The PLR was calculated as the absolute platelet count
divided by the absolute lymphocyte count. Histopatho-
logical data included the final diagnosis (benign vs. ma-
lignant), pathological subtype, lymphovascular invasion

(LVI), and lymph node status.

Statistical Analysis

All statistical analyses were conducted using Jamovi soft-
ware (version 2.7). The distribution of continuous vari-
ables was evaluated with the Shapiro-Wilk test. Depend-
ing on normality, data were presented as meantstandard
deviation or median with interquartile range. Group com-
parisons were carried out using the Mann—Whitney U
test for continuous variables and the Chi-square or Fish-
et’s exact test for categorical variables. The discriminative
performance of continuous parameters was evaluated us-
ing receiver operating characteristic (ROC) curve analysis.

To determine factors independently associated with
malignancy, both univariate and multivariate logistic
regression analyses were conducted. Variables showing
a potential association in univariate analysis (p<0.10),
together with clinically meaningful factors, were entered
into the multivariate model. Statistical significance was

defined as p<0.05.

RESULTS

Patient Characteristics

A total of 521 patients were included in the study. The
mean age was 48.78+12.73 years, and 79.1% (n=412)
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TRBLE 1. Clinical and laboratory characteristics of patients according to final pathological diagnosis

Parameter Benign (n=311) Malignant (n=210) p

Age (years) 49.2+12.5 48.1+13.1 0.342
Thyroid-stimulating hormone (mIU/L) 1.06 (0.5-2.1) 1.43 (0.8-3.2) <0.001
fT4 (ng/dL) 1.16+0.15 1.20+0.18 0.043
Albumin (g/dL) 4.3£0.4 4.3+0.3 0.812
Hemoglobin-albumin-lymphocyte-platelet score 51.2+18.4 50.8+17.9 0.694
Nodule size (mm) 32.0 (2045) 18.5 (12-28) <0.001

FIGURE 1. Comparison of hemoglobin-albumin-lympho-
cyte-platelet score between benign and malignant groups.

were female. Based on final pathology, 311 (59.7%)
patients had benign and 210 (40.3%) had malignant
thyroid pathology. The clinical and laboratory char-
acteristics stratified by diagnosis are summarized in

Table 1.
Serum TSH and T4 levels were significantly high-

er in the malignant group compared with the benign
group (p<0.001 and p=0.043, respectively). In contrast,
the HALP score did not differ between benign and ma-
lignant cases (50.8+17.9 vs. 51.2+18.4, p=0.694). The
distribution of HALP scores between benign and ma-
lignant groups is illustrated in Figure 1, demonstrating a
substantial overlap between the two groups.

FIGURE 2. Receiver operating characteristic curve analysis
for predicting thyroid malignancy.

ROC Analysis

ROC curve analysis was used to determine the ability of
continuous variables to differentiate between malignant
and benign thyroid conditions. Among the analyzed param-
eters, nodule size demonstrated the highest discriminative
ability (area under the curve [AUC]=0.652), followed by
serum TSH (AUC=0.613) and serum fT4 (AUC=0.552).
In contrast, the HALP score showed minimal diagnostic
petformance (AUC=0.510). The comparative ROC curves

of these variables are presented in Figure 2.

Predictors of Malignancy

In univariate analyses, serum TSH, fT4 levels, and
nodule size were significantly associated with thyroid
malignancy. However, in the multivariate logistic re-

gression model, only Bethesda category V (odds ratio
[OR]=17.48, 95% confidence interval [CI] 4.91-62.25,
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FIGURE 3. Distribution of pathological diagnosis by Bethesda
category.

p<0.001) and Bethesda category VI (OR=104.29, 95%
CI 21.86-497.43, p<0.001) remained independent pre-

dictors of malignancy.

The distribution of pathological outcomes according
to Bethesda cytology categories is shown in Figure 3,
which demonstrates the progressively increasing malig-
nancy rate across higher Bethesda categories.

Subgroup Analysis for LNM

Among the 175 malignant cases with available nodal
data, LNM was identified in 26 patients (14.9%). Young-
er age (p=0.005), higher TSH levels (p=0.036), and
LVI (p<0.001) were significantly associated with nodal
metastasis, whereas the HALP score showed no predic-
tive value (p=0.919). Patients with LNM were signifi-
cantly younger (40.69+15.45 vs. 49.23+12.72 years,
p=0.005) and had higher TSH levels (median: 2.19 vs.
1.37 mIU/L, p=0.036). LVI was the strongest predictor
of LNM (50.0% vs. 7.1%, p<0.001). The HALP score
showed no association with LNM status (p=0.919).

DISCUSSION

The present study evaluated the diagnostic and predic-
tive value of the pre-operative HALP score in patients
undergoing thyroidectomy. The main finding of this
study is that the HALP score does not provide mean-
ingful diagnostic or predictive information for thyroid
malignancy or LNM. In contrast, cytopathological clas-
sification using the Bethesda system remained the stron-
gest predictor of malignancy, highlighting the continued
central role of FNA cytology in the evaluation of thyroid
nodules [5, 6]. It should be noted that our study popu-

lation consisted exclusively of surgically treated patients,

representing a selected cohort with a higher pretest prob-
ability of malignancy. Therefore, the findings may not be
fully generalizable to all patients with thyroid nodules,
particularly those managed conservatively. This limita-
tion should be considered when interpreting the diag-
nostic performance of the HALP score.

The HALP score has gained attention as a combined
immunonutritional marker that captures both system-
ic inflammatory activity and overall nutritional status.
Previous studies have demonstrated its prognostic sig-
nificance in several aggressive solid malignancies, includ-
ing gastric, colorectal, and bladder cancers, where higher
HALP scores have been associated with improved sur-
vival outcomes [11-14]. The biological rationale un-
derlying this association is that cancer-related systemic
inflammation may alter circulating lymphocytes and
platelets while also affecting nutritional parameters such
as hemoglobin and albumin (7, 8, 19, 20].

However, our findings suggest that the clinical utili-
ty of composite immunonutritional indices such as the
HALP score may be strongly dependent on tumor biolo-
gy. Unlike aggressive tumors, differentiated thyroid carci-
noma — particularly PTC — generally follows an indolent
clinical course and does not induce a sufficiently pro-
nounced systemic inﬂammatory or nutritional response
to influence composite hematologic indices [1, 21, 22].
This may partly explain why inflammation-based bio-
markers that perform well in aggressive malignancies fail
to demonstrate diagnostic value in thyroid cancer.

We also observed a significant relationship between
serum T'SH levels and the presence of thyroid malignan-
cy. Elevated TSH levels have been repeatedly linked to
an increased risk of differentiated thyroid cancer in pre-
vious studies [23-26]. TSH acts as a growth factor for
thyroid follicular cells and may stimulate tumor prolifer-
ation through activation of TSH receptors. Consistent
with this concept, we observed significantly higher TSH
levels in patients with malignant pathology. However,
TSH did not remain an independent predictor in multi-
variate analysis after adjustment for cytological findings,
indicating that biochemical markers should be interpret-
ed as supportive factors rather than substitutes for cyto-
pathological evaluation.

Our results also reinforce the dominant role of the
Bethesda system in pre-operative risk stratification. In
the multivariate model, only Bethesda categories V and
VI remained independently associated with malignancy,

demonstrating markedly elevated ORs. This finding is
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consistent with the well-established diagnostic perfor-
mance of the Bethesda system and its widespread adop-
tion in current thyroid nodule management guidelines
(5, 6]. Although numerous hematologic and inflammato-
ry indices have been investigated as potential adjunctive
markers, their diagnostic performance generally remains
inferior to cytological classification.

In the subgroup analysis of malignant cases, LNM
was detected in 14.9% of patients. Younger age and LVI
were significantly associated with nodal metastasis. Pre-
vious studies have also reported that younger patients
with PTC tend to present more frequently with lymph
node metastases despite overall favorable survival out-
comes [17, 27]. This phenomenon may reflect age-re-
lated differences in tumor biology or the immune mi-
croenvironment [28]. In contrast, the HALP score was
not associated with LNM in our cohort, suggesting that
metastatic behavior in thyroid cancer is primarily influ-
enced by local tumor characteristics rather than systemic
immunonutritional status.

This study has some limitations. First, its retrospective
design may introduce inherent bias. Second, the study
population consisted only of surgically treated patients,
which may limit the generalizability of the findings. In ad-
dition, the relatively small number of LNM events should
be considered when interpreting subgroup analyses.

Taken together, these findings indicate that systemic
composite indices such as the HALP score have limited
applicability in the diagnostic evaluation of thyroid nod-
ules. While such markers may provide prognostic infor-
mation in aggressive malignancies, their clinical utility
appears substantially reduced in indolent cancers such as
differentiated thyroid carcinoma. Accordingly, the HALP
score does not provide meaningful diagnostic or predic-
tive value in thyroid nodules, emphasizing that inflamma-
tion-based composite indices may not be suitable for in-
dolent malignancies such as differentiated thyroid cancer.

Conclusion

The pre-operative HALP score does not provide mean-
ingful diagnostic or predictive value for thyroid malig-
nancy or lymph node metastasis in patients undergoing
thyroidectomy. Cytopathological evaluation using the
Bethesda system remains the cornerstone of pre-oper-
ative risk stratification. These findings suggest that the
clinical utility of the HALP score is limited in differen-
tiated thyroid carcinoma, and prospective multicenter
studies are warranted to further validate its role.
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