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Abstract

Background: Epithelial ovarian cancer (EOC) is the leading cause
of death in gynecological cancers in developed countries. In recent
years, there has been a growing need for economical and accurate pre-
treatment laboratory investigations to assess the prognosis of patients
with advanced EOC (AEOC). We aimed to investigate the role of the
hemoglobin-albumin-lymphocyte-platelet (HALP) index in subopti-
mal cytoreduction and oncological outcomes.

Methods: A prognostic prediction model for diagnosing suboptimal
cytoreduction for patients with AEOC receiving neoadjuvant chemo-
therapy (NACT) was developed. Multivariate logistic regression
analysis was performed to identify the independent predictors of sub-
optimal cytoreduction, with a P-value < 0.05, and then transformed
into risk-scoring systems. Internal validation was performed using the
bootstrapping procedure, and predictive cytoreduction (PSC) scores
were compared using non-parametric receiver operating characteris-
tic (ROC) regression. Survival analysis was performed using Kaplan-
Meier estimation and Cox proportional regression.

Results: In total, 473 patients were analyzed, and the rate of subopti-
mal surgery was 43%. A scoring system in predicting suboptimal cy-
toreduction included age, cancer antigen (CA)-125 level before sur-
gery, performance status, cycles of chemotherapy, peritoneal cancer
index, and HALP index < 22.6. The model had good discriminative
ability (area under the ROC (AUROC), 0.80; 95% confidence inter-
val (CI), 0.76 - 0.84), outperforming the PSC score (AUROC, 0.75;
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95% CI, 0.71 - 0.80). The score was divided into the low-risk (posi-
tive predictive value (PPV), 22.4; 95% CI, 17.8 - 27.7), moderate-risk
(PPV, 65.9; 95% ClI, 56.9 - 74.0), and high-risk (PPV, 90.6; 95% CI,
79.3 - 96.9) groups. The HALP index score of < 22.6 was indepen-
dently associated with progression-free survival (hazard ratio (HR),
2.92; 95% CI, 1.58 - 5.40) and overall survival (HR, 2.66; 95% CI,
1.57 - 4.49).

Conclusion: The HALP index is a newly predicted factor for subop-
timal cytoreduction and oncological outcomes in patients with AEOC
after NACT.

Keywords: Ovarian cancer; Predictive model; HALP index; Survival

Introduction

Epithelial ovarian cancer (EOC) is the leading cause of death
in gynecological cancers in developed countries, but there are
still no effective tools for general population screening. This
is also reflected in the economic and cost-effective strategies
for early detection and prevention of ovarian cancer that have
been investigated over the last decade. The cost of treatment
per patient with ovarian cancer remains the highest among
all cancer types. For example, the average initial cost in the
first year can be around USD 80,000, whereas the final year
cost may increase to USD 100,000 [1]. There are two types
of EOCs with different biological backgrounds and behaviors.
Type I EOCs are suggested to be relatively indolent and ge-
netically stable tumors that typically arise from recognizable
precursor lesions, such as endometriosis or borderline tumors
with low malignant potential. In contrast, type II EOCs are
proposed to be biologically aggressive tumors from the outset,
with a propensity for metastasis from small-volume primary
lesions. High-grade serous carcinomas- the most common
type of EOCs, accounting for approximately 75% of epithe-
lial ovarian cancers - develop according to the type II path-
way and present p5S3 and BRCA mutations [2]. Most patients
with EOCs are diagnosed with advanced disease (International
Federation of Gynecology and Obstetrics (FIGO) stage I1IC or
IV), and a substantial portion of these patients are debilitated
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and not considered candidates for extensive surgical treat-
ment, resulting in a 5-year survival rate of <25% [3]. Primary
cytoreductive surgery (PCS) is the traditional advanced EOC
(AEOC) treatment. An alternative approach involves adminis-
tering neoadjuvant chemotherapy (NACT) before interval cy-
toreductive surgery. PCS and NACT showed comparable sur-
vival rates in patients with AEOC in two clinical trials. In the
trial by Vergote et al [4], the median overall survival periods
of patients randomized to the PCS and NACT groups were 29
and 30 months, respectively. Similarly, in the Chemotherapy
or Upfront Surgery trial [3], the median overall survival peri-
ods of patients randomized to the PCS and NACT groups were
23 and 24 months, respectively. Nevertheless, these trials have
significant limitations, such as low rates of optimal cytoreduc-
tion. The incidence rate of residual tumors is higher in patients
with advanced-stage disease in randomized trials comparing
NACT-interval debulking surgery (IDS) and primary debulk-
ing surgery (PDS), with optimal debulking rates of 80.6% for
NACT-IDS and 41.6% for PCS [4]. Although PCS in AEOC
can result in suboptimal outcomes and perioperative morbid-
ity, NACT-IDS has emerged as an alternative approach, im-
proving optimal debulking and reducing surgery-related com-
plications while maintaining survival outcomes comparable to
PCS [3, 4]. Therefore, patient assessment for appropriate treat-
ment is crucial, and optimal surgery remains the cornerstone of
advanced disease management.

Several predictive models for complete PCS, including
the Mayo triage algorithm, have been developed to assess the
feasibility of optimal surgery in patients undergoing PDS. The
Mayo triage algorithm is widely recognized and helps identify
patients with high-risk factors (high initial tumor dissemina-
tion or stage IV plus poor performance or nutritional status
plus age > 75 years) for unfavorable operative outcomes, sug-
gesting that they may not be suitable for cytoreductive surgery.
The algorithm categorizes patients into triage PDS and NACT
[5, 6]. This algorithm is developed after surgery and uses intra-
operative information to determine the grade of surgical com-
plexity. The other proposed predictive model, known as the
Suidan criteria, consists of 11 clinical variables (three preop-
erative clinical variables (age > 60 years, cancer antigen (CA)-
125 level > 600 U/mL, and American Society of Anesthesiolo-
gists score 3 - 4) and eight radiological variables (lesions in the
root of the superior mesenteric artery, splenic hilum, lesser sac,
gastrohepatic ligament/porta hepatis, gallbladder fossa, supra-
renal retroperitoneal lymph nodes, small bowel adhesions/
thickening, and moderate-severe ascites)) [7]. However, sev-
eral physicians consider this model excessive and impractical
for routine use, and there is a need for precise models designed
explicitly for preoperative patients undergoing IDS. Even after
NACT-IDS, a notable number of patients fail to achieve op-
timal cytoreduction, leading to surgery-related complications
without the anticipated survival benefits. Recently, predictive
model selection criteria have been identified for patients suit-
able for IDS, highlighting that this approach is based on a vali-
dated analysis of the predictive cytoreduction (PSC) score in
patients with EOC FIGO IIIA-IV [8]. However, the effective-
ness of this approach may have been less than that observed in
the training cohort.

In recent years, BRCA1/2 germline mutations are the
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strongest known genetic risk factors for EOCs and are found in
6-15% of women diagnosed with that disease. The BRCA1/2
status can be used for patients’ counseling regarding expected
survival, as BRCA1/2 carriers with EOCs respond better than
non-carriers to platinum-based chemotherapies. This yields
more remarkable survival, even though the disease is gener-
ally diagnosed at a later stage and higher grade [9]. There has
been a growing need for economical and accurate pretreat-
ment laboratory investigations to assess patients’ AEOC prog-
nosis [10]. Studies have shown correlations among inflamma-
tion, nutritional status, and cancer progression. As a result,
various inflammatory indices have been developed to estab-
lish a clinical association between inflammation and cancer
prognosis, with higher levels of inflammatory markers associ-
ated with worse outcomes. These inflammatory indicators are
commonly used to predict the prognosis of different types of
cancer, including the systemic inflammatory response index,
neutrophil-to-lymphocyte ratio (NLR), and platelet count-
to-lymphocyte ratio (PLR) [11]. The hemoglobin-albumin-
lymphocyte-platelet (HALP) index [12], a hematological
equation commonly used in pretreatment evaluations, offers
valuable prognostic information without incurring additional
costs, making it a worthwhile avenue for further exploration.
It has been proposed as a prognostic predictor of hematologi-
cal parameters in cervical and endometrial cancers [13-15].
For instance, Leetanaporn et al [13] conducted a study iden-
tifying the HALP index as an independent and significant
prognostic factor for patients with locally advanced cervical
cancer. Similarly, Wang et al [14] reported the essential role
of preoperative HALP index values in predicting lymph node
metastasis, recurrence, and mortality in patients with endo-
metrial cancer, providing valuable guidance for prognostic
management. Based on the information available, only a few
studies have explored the relationship between the HALP in-
dex and prognosis in ovarian cancer.

This study aimed to evaluate the significance of the
HALP index in predicting oncological outcomes in patients
with AEOC who received NACT. Additionally, this study de-
veloped a new clinical risk score that was simpler and more
practical by incorporating the HALP index and other relevant
parameters to predict suboptimal cytoreduction in IDS.

Materials and Methods

Study design and setting

Prognostic prediction and clinical risk score development and
validation were conducted based on a single-center, retrospec-
tive cohort study at Songklanagarind Hospital, a tertiary care
medical center specializing in oncology, and a prominent gy-
necological cancer center in Southern Thailand. The study pro-
tocol was approved by the Institutional Ethics Committee of
the Faculty of Medicine, Prince of Songkhla University. The
institution review board (IRB) number is REC.66-210-12-1.
The study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well as
with the Helsinki Declaration.

www.wjon.org 269



HALP Index Predicts Ovarian Cancer Surgery

World ] Oncol. 2024;15(2):268-278

Participant selection

Patients with AEOC were diagnosed by gynecological on-
cologists and radiologists specializing in ovarian cancer. This
study included patients with extensive disease or those unable
to tolerate extensive surgery owing to age or comorbidities
from January 2010 to December 2022 who met the inclusion
criteria for stage IIIC-IVA according to FIGO 2014 classifica-
tion [16], histological diagnosis, and NACT treatment. The ex-
clusion criteria were two primary cancers: incomplete HALP
index data, presence of chronic or acute inflammation or infec-
tions affecting prognosis (e.g., patients actively on infection
may also experience leukocytosis, human immunodeficiency
virus infection), inadequate NACT, or absence of surgery af-
ter NACT. The remaining patients formed the derivation co-
hort for the development of the clinical risk-scoring model. A
screening flow diagram of the study is shown in Supplemen-
tary Material 1 (www.wjon.org).

Data collection

Clinical characteristics and potential predictors were collected
from medical records, including age, body mass index (BMI,
kg/m?), Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS), comorbidities (hypertension, diabetes
mellitus, and dyslipidemia), venous thromboembolism (VTE)
(deep venous embolism and pulmonary embolism before and
during NACT), tumor stage and grade following the FIGO
standards, histological type according to the World Health
Organization criteria, and serum CA-125 levels at diagnosis
and before IDS. Experienced radiologists reviewed preop-
erative computed tomography (CT) assessments to determine
the peritoneal cancer index (PCI) score using the PeRitOneal
Mallgnancy Stage Evaluation application [17]. The CT PCI
scores were compared with the surgical findings, and the pa-
tients were categorized into the small-volume (PCI score, 0
- 9), moderate-volume (PCI score, 10 - 20), and large-volume
(PCI score > 20) tumor groups. The same tumor volume cat-
egories were used for these results [18, 19]. Mild ascites is
detectable only by imaging, and moderate ascites can be de-
tected by physical examination or fluid volume, usually > 500
mL. Severe ascites causes abdominal distension accompanied
by flattening of the umbilicus [20]. Patients assigned to the
NACT group had either histological or cytological confir-
mation of their diagnosis before starting chemotherapy. The
chemotherapy regimens used were carboplatin plus paclitaxel,
an alternative carboplatin combination regimen, or carboplatin
monotherapy. Treatment response was assessed after NACT
using the Response Evaluation Criteria in Solid Tumors [21].
IDS duration data, defined as from the last day of NACT to the
day of surgery, were evaluated.

For laboratory investigations, pretreatment hemoglobin
(Hb) level, albumin (Alb) level, lymphocyte count (LC), and
platelet (Plt) count were measured before the first cycle of
NACT. The HALP index score was calculated using the fol-
lowing equation: HALP index = Hb (g/L) x Alb (g/dL) x LC
(cells/L)/Plt (cells/L) [12]. This indicates that the HALP index
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is an independent protective factor for AEOC based on opti-
mal debulking and progression-free survival (PFS) according
to the calculated Youden index [18]. The prognostic nutritional
index (PNI) score was calculated as follows: 10 x Alb (g/dL) +
0.005 x LC (cells/L). For the PNI, a cutoff score 45 was identi-
fied as the most reported prognostic threshold in gynecological
malignancies [15, 22]. NLR values were calculated: neutrophil
count (cells/L)/LC (cells/L), and PLR values were calculated:
PIt (cells/L)/LC (cells/L) [10]. The specific origin of the NLR
and PLR cutoff is explicitly mentioned in the provided previ-
ous study results [23].

Oncological outcomes were categorized based on residual
disease (R) after IDS, with RO indicating no macroscopic re-
sidual disease or < 1 cm diameter and R1 indicating visible
residual disease with a diameter of > 1 cm. Optimal resection
was achieved when RO was observed. PFS was defined as the
time from diagnosis to disease progression or last follow-up.
In contrast, overall survival (OS) was defined as the time from
diagnosis to death or the last follow-up. Patients lost to fol-
low-up until the latest follow-up date were included. The three
clinical parameters included age > 60 years, CA-125 level at
diagnosis > 550 U/dL, and PCI score > 16. The PSC score was
calculated for each patient [8].

Statistical analyses and sample size calculation

We employed all available data in our database to derive the
score, ensuring maximum statistical power and general ap-
plicability of our findings. Moreover, to simplify the scoring
system and maintain statistical robustness, we limited the
number of predictors to avoid violating at least 10 suggested
endpoint events per candidate parameter. Parametric continu-
ous variables are presented as mean (standard deviation (SD))
and non-parametric continuous variables are presented as me-
dian (interquartile range (IQR)), whereas categorical variables
were reported as frequencies and percentages using subopti-
mal cytoreduction results. We used appropriate statistical tests
to evaluate the relationship between categorical variables, such
as the Chi-squared or Fisher’s exact probability test. Clinico-
pathological characteristics were analyzed and stratified using
the HALP index cutoff score. Survival analysis was performed
using Kaplan-Meier estimates and log-rank analysis. Mul-
tivariate analysis was performed using the Cox proportional
hazards regression model. A P-value < 0.05 was considered
statistically significant.

Model development

Based on previous literature and predictive models, such as
the PSC score, six potential predictors of optimal cytoreduc-
tion at IDS in AEOC were selected. These included age > 60
years, FIGO stage, ECOG PS, CA-125 level before IDS, PCI
score, ascites, and additional predictors from this study: VTE,
chemotherapy cycle, NLR, PLR, PNI, and HALP index score.
An exploratory analysis was performed using univariate logis-
tic regression to assess the effects of potential predictors on
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suboptimal cytoreduction. Each predictive variable was indi-
vidually evaluated, and odds ratios (ORs) with P-values and
the area under the receiver operating characteristics (AUROC)
curve with a 95% confidence interval (CI) were reported.
Subsequently, multivariate logistic regression analysis was
performed to identify the independent predictors of subopti-
mal cytoreduction. Non-contributing predictors were removed
from the logistic regression model based on their clinical rel-
evance and statistical significance. Variables with an OR close
to 1.00 and a P-value > 0.1 were sequentially eliminated. The
predictive performance of the reduced multivariate model was
assessed based on discrimination and calibration. Discrimina-
tion was evaluated using the AUROC curve. Calibration was
assessed using the Hosmer-Lemeshow goodness-of-fit statis-
tics.

Score derivation and validation

Each predictor in the final model was scored based on its logis-
tic regression coefficient. The coefficient of each predictor was
divided by the lowest coefficient in the model and rounded off
to the nearest non-decimal integer to ensure practicality. The
total score was categorized according to the baseline risk of
suboptimal cytoreduction in patients with AEOC treated with
NACT. The positive predictive value (PPV) was calculated for
each score category to determine the average patient risk. The
calibration and discrimination of the score model were evalu-
ated by regressing the suboptimal cytoreduction on the score.
A calibration plot was used to compare the predicted risk,
based on the score, with the observed risk. The predictive per-
formance of the newly derived clinical risk score was validated
and compared with that of the PSC score using non-parametric
ROC regression with 1,000 replicates bootstrapped sampling.
A P-value < 0.05 was considered statistically significant. All
analyses were conducted using the statistical package STATA
17.0 [24].

Results
Participants

Among the 473 patients analyzed (Fig. 1), the mean age and
BMI were 56 (SD, 11) years and 22.8 (SD, 5) kg/m?, respec-
tively. The HALP index median value was 24.21 (interquartile
range (IQR), 13.83 - 34.10); the optimal HALP index cutoff
score was determined based on the results of univariate and
multivariate analyses for prognosis. These results determined
that 22.6 was the optimal cutoff value of the HALP index for
predicting optimal debulking and PFS in patients (area under
the curve (AUC), 0.663 and 0.609, respectively). This study
had a median follow-up duration of 2.05 (IQR, 1.16 - 3.52)
years; 176 patients underwent suboptimal surgery, and 276 pa-
tients underwent optimal surgery. The incidence rate of opti-
mal surgery in the study cohort was 56%. The 5-year PFS and
OS rates for all patients were 57% (95% CI, 0.48 - 0.65) and
68.1% (95% CI, 0.62 - 0.74), respectively.
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The baseline clinical characteristics of the patients are
summarized in Table 1. Patients with suboptimal surgery dif-
fered from those with optimal surgery in several aspects: they
were older (58.6 £ 10.9 vs. 56.7 £ 10.1 years old, P = 0.047),
had poorer PS (37.6% vs. 6.2%, P <0.001), had a higher prev-
alence of VTE comorbidity (13.7% vs. 5.8%, P = 0.004), ex-
hibited higher CA-125 levels before IDS (162 (40 - 507) vs. 26
(15-57)U/dL, P<0.001), had a larger tumor size (7 (4.2 - 9.5)
vs. 4 (2-7.25) cm; P<0.001), had a higher PCI score (22 (15 -
28) vs. 9 (4 - 18), P<0.001), had more cycle of chemotherapy
before IDS (5 (3 - 6) vs. 4 (3 - 5), P<0.001), had moderate-to-
severe ascites after NACT (45.7% vs. 10.1%, P < 0.001), had
lower Hb (9.8 + 1.3 vs. 10.4 + 1.4 g/dL, P <0.001) and hema-
tocrit levels (31.1£3.9% vs. 32.6+4.0%, P < 0.001), had higher
absolute neutrophil count (3,987 + 3,011 vs. 3,075 £+ 1,366/uL,
P <0.001), lower absolute LC (1,689 + 666 vs. 31,841 + 642/
pL, P <0.001), higher thrombocyte count (308,949 + 109,626
vs. 257,300 + 94,418/uL, P < 0.001), lower serum Alb level
(3.7+0.6 vs. 4.0 + 0.4 g/dL, P < 0.001), had higher NLR (1.9
(1.3-2.8)vs. 1.6 (1.1 - 2.2), P <0.001), more elevated PLR
(97.4 (70.8 - 141.6) vs. 72.1 (53.2 - 95), P < 0.001), lower
PNI score (45.1 £ 7.4 vs. 49.1 £ 5.7, P <0.001), and lower
HALP index score (21.2 (14.6 -29.1) vs. 31.1 (23.3-41.6), P <
0.001). The following clinical parameters showed high predic-
tive performance, with an AUROC curve of > 0.70 in univari-
ate logistic regression: PCI score (AUROC 0.74), and HALP
index score (AUROC 0.70).

The results of the survival analysis are presented in Table
2. We assessed the adjusted hazard ratios (HRs) on prognostic
factors and revealed that HALP index score (> 22.6 vs. < 22.6;
HR, 2.92; 95% CI, 1.58 - 5.40), residual tumor (< 1 cm vs. >
1 cm; HR, 2.02; 95% CI, 1.15 - 3.56), VTE (yes vs. no; HR,
4.99; 95% ClI, 2.65 - 9.40), ECOG PS (> 2 vs. < 2; HR, 6.34;
95% CI, 3.39 - 11.87), NLR (= 3 vs. < 3; HR, 2.74; 95% CI,
1.56 - 4.83), and FIGO stage (IVA vs. IIIC; HR, 2.37; 95% ClI,
1.09 - 5.18) were independently associated with worse PFS.
However, HALP index cutoff index score (< 22.6 vs. > 22.6;
HR, 2.66; 95% CI, 1.57 - 4.49), residual tumor (< 1 cm vs. > 1
cm; HR, 2.48; 95% CI, 1.47 - 4.20), VTE (yes vs. no; HR, 2.08;
95% CI, 1.23 - 3.54), ECOG PS (> 2 vs. <2; HR, 7.79; 95% ClI,
4.72 - 12.88),NLR (=3 vs. <3; HR, 3.36; 95% CI, 2.05 - 5.50),
and FIGO stage (IVA vs. ITIIC; HR, 3.34; 95% CI, 1.96 - 5.70)
were independently associated with worse OS.

Model development and validation

The potential clinical predictors were simultaneously exam-
ined using multivariate logistic regression analysis (Supple-
mentary Material 2, www.wjon.org). Predictors with a statis-
tically significant P-value < 0.100 included age > 60 years,
BMI > 30 kg/m?, ECOG PS > 2, VTE, more than four cycles
of chemotherapy before IDS, CA-125 level > 500 U/dL before
IDS, PCI score > 20, NLR > 3, PLR > 200, PNI score < 45.5,
and HALP index score < 22.6. Non-contributing and non-sig-
nificant predictors were sequentially eliminated, leaving six
independent predictors in the final logistic model (AUROC,
0.86; 95% CI, 0.82 - 0.89): age > 60 years, ECOG PS > 2,
more than four cycles of chemotherapy before IDS, CA-125
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Women with advanced epithelial ovarian
cancer and treated neoadjuvant with
neoadjuvant chemotherapy from January
2010 to December 2022 (n=600)

Excluded

Incomplete data(n=10)

Two primary cancers(n=7)

Chronic infection (n= 8)

Inadequate NACT or did not undergo surgery
after receiving NACT(n=102)

Women with advanced epithelial
ovarian cancer and who underwent
interval debulking surgery (n=473)

r

Clinical parameter records

Tumor marker: CA 125

Age, BMI, performance status, co-morbidities
CT findings, tumor size, ascites, PCI index

Inflammatory markers: NLR, PLR, PNI, HALP

Sub-optimally debulked
(n=197)

Optimally debulked
(n=276)

Figure 1. Flow chart of patients within the study. BMI: body mass index; ECOG: Eastern Cooperative Oncology Group; FIGO:
International Federation of Gynecology and Obstetrics; HALP: hemoglobin-albumin-lymphocyte-platelet; IDS: interval debulking
surgery; NACT: neoadjuvant chemotherapy; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; PNI: prog-

nostic nutritional index.

level > 500 U/dL before IDS, PCI score > 20, and HALP in-
dex score < 22.6. Each predictor’s logit coefficient was used
as the weight for score transformation. The assigned weighted
scores were as follows: one point for age > 60 years, ECOG
PS > 2, more than four cycles of chemotherapy before IDS,
and HALP index score < 22.6, one and a half scores for PCI
score > 20, and two and a half scores for CA-125 level > 500
U/dL before IDS. The new clinical risk-scoring system ranged
from a minimum of 0 to a maximum of 8 points (Table 3).
The score could predict the risk of suboptimal cytoreduction
at IDS with good discriminative ability (AUROC, 0.80; 95%
CI, 0.76 - 0.84), which was higher when compared with that
of the PSC score [6] (AUROC, 0.75; 95% CI, 0.71 - 0.80)
(Fig. 2). The difference in AUROC between the two scoring
systems was significant (P = 0.005). Calibration measures
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were visualized through a calibration plot, which showed that
the score predicted the risk of suboptimal cytoreduction dur-
ing IDS, and the observed risk of suboptimal cytoreduction
during IDS in the derivation cohort concomitantly increased
(Supplementary Material 2, www.wjon.org). The Hosmer-
Lemeshow goodness-of-fit statistics also showed a non-sig-
nificant P of 0.450. We performed internal validation of the
score via a non-parametric ROC curve with 1,000 bootstrap
sampling; the results had an acceptable predictive perfor-
mance (AUROC, 0.80; 95% CI, 0.73 - 0.83).

The clinical risk score predicted a range of subopti-
mal cytoreduction at IDS occurrence probability from 7.0%
to 99.6%. As the baseline risk in this cohort was 41.6%, the
score was categorized into the low-, moderate-, and high-risk
groups at a cutoff point of 3.5, for which the score-predicted
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Table 1. Clinical Characteristics

Clinical characteristics Suboptimal (n=197) Optimal (n =276) OR P-value AUROC (95% CI)
Age > 60 years 111 (56.3) 107 (38.8) 2.04 <0.001 0.59(0.54-0.63)
BMI (kg/m?)

<25 151 (76.7) 193 (69.9) - - -

25-29 41 (20.8) 65 (23.6) 0.81 0.343

>30 5(2.5) 18 (6.5) 0.36 0.045 0.46 (0.42 - 0.50)
FIGO stage IVA 39 (19.8) 43 (15.6) 1.34 0.233 0.52 (0.49 - 0.56)
High-grade serous 145 (73.6) 214 (77.5) 1.24 0.325 0.52 (0.48 - 0.56)
FIGO grade 3 169 (85.8) 245 (88.8) 1.34 0.334 0.51 (0.48 - 0.55)
ECOG performance status > 2 94 (37.6) 17 (6.2) 9.17 <0.001  0.66 (0.62 - 0.69)
Comorbidities 76 (38.6) 104 (37.7) 1.04 0.843 0.50 (0.46 - 0.55)
Venous thromboembolism 27 (13.7) 16 (5.8) 2.58 0.004 0.54 (0.51-0.57)
Carboplatin plus paclitaxel 184 (93.4) 265 (96.0) 0.59 0.206 0.51 (0.49 - 0.53)
Chemotherapy before IDS > 4 cycles 104 (59.8) 70 (40.2) 3.29 <0.001  0.64 (0.59 - 0.69)
CA-125 level > 500 U/dL

At diagnosis 154 (78.2) 186 (67.4) 1.73 0.011 0.55(0.51-0.59)

Post-NACT 53 (26.9) 9(3.3) 10.92 0.001 0.62 (0.59 - 0.65)
Tumor size, cm

0-4.9 60 (30.5) 159 (57.6) - - -

5-99 91 (46.2) 71 (25.7) 3.40 <0.001

>10 46 (23.3) 46 (16.7) 2.65 <0.001 0.63(0.58 - 0.67)
Peritoneal cancer index (1 - 39)

0-9 38 (19.3) 151 (54.7) - - -

10-20 40 (20.3) 74 (26.8) 2.15 0.004

>20 119 (60.4) 51 (18.5) 9.27 <0.001 0.74 (0.70 - 0.78)
Moderate to severe ascites after NACT 90 (45.7) 28 (10.1) 7.45 <0.001 0.68(0.64-0.72)
Timing of IDS > 42 days 68 (32.5) 103 (37.3) 1.13 0.532 0.51 (0.47 - 0.56)
Laboratory values before the first cycle of NACT

NLR >3 47 (23.9) 45 (16.3) 1.61 0.042 0.54 (0.50 - 0.57)

PLR >200 32 (16.2) 16 (5.8) 3.15 <0.001 0.55(0.52-0.58)

PNI <45 189 (95.9) 250 (90.6) 2.46 0.031 0.53 (0.50 - 0.55)
HALP index score < 22.6 108 (54.8) 59 (21.4) 4.46 <0.001  0.70 (0.66 - 0.75)

BMI: body mass index; ECOG: Eastern Cooperative Oncology Group; FIGO: International Federation of Gynecology and Obstetrics; HALP: hemo-
globin-albumin-lymphocyte-platelet; IDS: interval debulking surgery; NACT: neoadjuvant chemotherapy; NLR: neutrophil-to-lymphocyte ratio; PLR:
platelet-to-lymphocyte ratio; PNI: prognostic nutritional index.

Table 2. Survival Analysis of Factors Associated With Altered PFS and OS in Patients With AEOC Receiving NACT

Risks PFS oS
HR 95% CI P HR 95% CI P

HALP index cutoff score < 22.6 2.92 1.58-5.40 0.001 2.66 1.57-4.49 <0.001
Residual tumor > 1 cm 2.02 1.15-3.56 0.015 2.48 1.47 - 4.20 0.001
VTE, yes 4.99 2.65-9.40 <0.001 2.08 1.23-3.54 0.007
ECOG performance status > 2 6.34 3.39-11.87 <0.001 7.79 4.72 - 12.88 <0.001
NLR >3 2.74 1.56-4.83 <0.001 3.36 2.05-5.50 <0.001
FIGO stage IVA 2.37 1.09-5.18 0.029 3.34 1.96 - 5.70 <0.001

AEOC: advanced epithelial ovarian cancer; Cl: confidence interval; ECOG: Eastern Cooperative Oncology Group; FIGO: International Federation of
Gynecology and Obstetrics; HALP: hemoglobin-albumin-lymphocyte-platelet; HR: hazard ratio; NACT: neoadjuvant chemotherapy; NLR: neutrophil-
to-lymphocyte ratio; OS: overall survival; PFS: progression-free survival; VTE: venous thromboembolism.
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Table 3. Best Multivariate Clinical Predictors, OR, 95% Cl, Logistic Regression Beta Coefficient (), and Assigned Item Scores

Predictors OR 95% CI P-value B Score
Age > 60 years 2.86 1.94 - 10.35 0.001 1.05 1
ECOG performance status > 2 2.48 1.25-6.27 0.015 0.91 1
Chemotherapy before IDS > 4 cycles 3.27 2.39-18.13 <0.001 1.19 1
CA-125 level before IDS > 500 U/dL 9.11 3.20-11.44 <0.001 2.21 2.5
PCI score > 20 4.59 2.73-7.71 <0.001 1.52 1.5
HALP index score <22.6 3.08 1.68 - 5.64 <0.001 1.13 1
Constant 0.25 0.13-0.49 -1.37

ClI: confidence interval; ECOG: Eastern Cooperative Oncology Group; HALP: hemoglobin-albumin-lymphocyte-platelet; IDS: interval debulking sur-

gery; OR: odds ratio; PCI: peritoneal cancer index.

risk equals the baseline suboptimal cytoreduction at IDS risk.
Patients with AEOC who received NACT scoring < 3 points
would be classified as low-risk patients (PPV, 22.4; 95% CI,
17.8 - 27.7), those scoring 3.5 - 4.5 points as moderate-risk
(PPV, 65.9; 95% CI, 56.9 - 74.0), and those scoring > 5 points
as high-risk (PPV, 90.6; 95% CI, 79.3 - 96.9) (Table 4).

Discussion

To date, numerous hematological indices or parameters
have been suggested for prognosticating cancer outcomes
[8-14]. Nevertheless, investigating the combination of com-
monly used pretreatment assessments, such as NLR, PLR,
and HALP, which can provide prognostic insights, remains
an avenue worth exploring. Within this category of indices,
HALP has emerged as a prominent prognostic predictor for

certain cancers [11, 25]. A study conducted by Guo et al fur-
ther supports this notion. They assessed the prognostic accu-
racy of HALP, NLR, and PLR for metastatic prostate cancer.
The findings indicated that HALP and its variant exhibited
the highest AUC compared to the other indices [26]. Conse-
quently, HALP stands out as a particularly intriguing index
worthy of exploration. To our understanding, our research is
the first investigation to showcase the applicability of HALP’s
association with oncological outcomes, specifically in patients
with AEOC. This study indicated that the HALP index exhib-
ited better predictive capabilities compared with other indices
when assessing AEOC outcomes following NACT. Therefore,
the HALP index has emerged as a fascinating index that can be
incorporated as a predictor for suboptimal surgery. This study
underscores the association between HALP index scores ap-
plied to patients with AEOC, with a HALP index score < 22.6
associated with higher stage and larger tumor size. Consistent
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Figure 2. Comparison of AUROC between new clinical risk score and the PSC score in discriminating suboptimal surgery cases.
AUROC: area under the receiver operating characteristic curve; PSC: predictive cytoreduction.
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Table 4. Distribution of IDS in Patients With AEOC Across Two Different Categories of the Score (Low, Moderate, and High Risk for

Suboptimal Debulking)

Suboptimal (n = 197)

Optimal (n = 276)

Risk categories Score PPV 95% CI P-value
N (%) N (%)

Low <3 66 22.5 228 77.5 22.4 17.8-27.7 <0.001

Moderate 3.5-45 83 65.9 43 34.1 65.9 56.9 - 74.0 <0.001

High =5 48 90.6 5 9.4 90.6 79.3-96.9 <0.001

Mean + SE 4 +1.5 2 1l <0.001

AEOC: advanced epithelial ovarian cancer; Cl: confidence interval; IDS: interval debulking surgery; PPV: positive predictive value; SE: standard

error.

with findings from studies on different cancer types [25], our
study demonstrated that the low HALP index group exhibit-
ed at least one characteristic indicative of a more suboptimal
surgery. Regarding survival outcomes, our study revealed an
independent association between a HALP index score < 22.6
and inferior PFS and OS. These findings align with the results
of several other studies that have observed a detrimental effect
of lower HALP index levels on prognosis in various cancers,
including bladder, colorectal, gastric, prostate, esophageal, and
lung cancers, albeit with different cutoff values depending on
the specific cancer and study setting [25].

Several mechanisms can explain the effect of host immu-
nity and nutritional status on the HALP index, which are sig-
nificant factors in predicting outcomes in patients with cancer.
Inflammatory cells, such as lymphocytes, neutrophils, and Plts,
in the bloodstream, play a role in cancer cell growth, invasion,
and spread. From the perspective of molecular oncology, it is
important to comment that phosphoinositide 3-kinase (PI3K)
pathway is frequently upregulated in EOC and plays an im-
portant role in chemoresistance and preservation of genomic
stability, as it is implicated in many processes of DNA replica-
tion and cell cycle regulation. The inhibition of the PI3K may
lead to genomic instability and mitotic catastrophe through a
decrease of the activity of the spindle assembly checkpoint
protein aurora kinase B and consequently increase of the oc-
currence of lagging chromosomes during prometaphase [27].
Lymphocytes, including T cells and natural killer cells, are cru-
cial for the body’s immune responses against cancer. The ther-
apeutic strategy of the combinations of PARP inhibitors with
immunotherapies, such as anti- cytotoxic T-lymphocyte-associ-
ated antigen 4 (CTLA-4) and programmed death 1 (PD-1)/pro-
grammed cell death-ligand 1 (PD-L1) has partly been based on
the hypothesis that BRCA1/2, and wild-type BRCA1/2 homol-
ogous recombination (HR) deficiency tumors display a higher
neo-antigen load than HR-proficient cancers, producing more
effective anti-tumor immune response. In addition, there is evi-
dence that BRCA deficiency may induce a STING-dependent
innate immune response, by inducing type I interferon and pro-
inflammatory cytokine production. Interestingly enough, clini-
cal models have also demonstrated that PARP inhibition inacti-
vate glycogen synthase kinase 3 (GSK3) and upregulate PD-L1
in a dose-dependent manner. Consequently, T-cell activation is
being suppressed, resulting in enhanced cancer cell apoptosis
[28]. Cytotoxic lymphocytes and natural killer cells are criti-
cal players in immune surveillance against cancer, triggering

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

events that lead to the death of tumor cells [29]. Furthermore,
inflammation leads to a reduced red blood cell lifespan, sup-
pressed bone marrow activity, and low iron levels, all of which
contribute to decreased Hb levels. A previous study has demon-
strated that a Hb level below 6 - 8 g/dL negatively affects the
outcome of EOC perichemotherapy because insufficient oxy-
genation of the tumor tissue impairs the DNA damage process
[30]. Serum Alb, a significant protein in human serum, is often
used to indicate nutritional status because it is negatively af-
fected during acute phase reactions. The correlation between
low serum Alb levels and survival outcomes has been well es-
tablished across different malignancies, including EOC [22].
Achieving optimal cytoreductive surgery in high-volume
medical centers typically earns complete gross resection rates
ranging from 50% to 70% in patients with AEOC [31, 32].
Nonetheless, patients with AEOC with a high tumor burden and
limited physical capabilities often face difficulties achieving
complete tumor resection during the primary surgical procedure.
The morbidity associated with intraoperative and significant
early postoperative complications, affecting 16.9% and 28.8%
of patients [33], respectively, does not contribute to improved
survival. Therefore, patients at a higher risk of incomplete tu-
mor resection should select NACT as their preferred treatment
than the high rates of optimal resection (80%) [4] to implement
a NACT with IDS and use a preoperative assessment tool that
considers tumor burden [34]. In our study, a considerably higher
proportion of patients with AEOC who received NACT demon-
strated incomplete tumor resection during IDS (44%). This per-
centage was significantly higher than previously reported rates
because the preoperative assessment tools used were dependent
on the individual surgeon. In this setting, employing good pre-
dictive models that incorporate complex modalities, advanced
diagnostic tools, and multiple clinical predictors is challenging.
Our study identified six potential factors predicting subop-
timal tumor resection during IDS. These factors included age >
60 years, CA-125 level of > 500 U/mL before IDS, ECOG PS
3 - 4, more than four cycles of chemotherapy, PCI score > 20,
and HALP index score of < 22.6. Including the HALP index in
the clinical risk score provides a new predictive factor that aids
in the assessment of cancer prognosis. The model significantly
improved predictive accuracy and obtained a competent AUC
of 0.86. The PSC score [8] comprises three potential predic-
tors of incomplete tumor resection during IDS. However, the
reliability of the score was based on a validated analysis that
proved less effective than the results obtained from the training

www.wjon.org

275



HALP Index Predicts Ovarian Cancer Surgery

World ] Oncol. 2024;15(2):268-278

cohort. The derivation cohort excluded patients who experi-
enced clinical or radiologically progressive disease within the
first three to four courses of NACT, which limits the applica-
bility of the findings to a specific group of patients who re-
ceive more than four courses of chemotherapy. Consequently,
a distinct set of diagnostic factors may be necessary to evalu-
ate post-NACT disease progression in this particular group of
patients with AEOC. All aspects of the PSC score remained in
our model, whereas we added the newly identified HALP in-
dex. Other predictors, such as ECOG PS and number of cycles
of chemotherapy, were present in our final model, possibly be-
cause of the following reasons: 1) Our score was derived in a
significantly larger cohort with increased statistical power, and
some independent predictors might be included in our model.
2) The proportion of patients with suboptimal cytoreduction in
this study highly correlated with those with no residual tumors.
The study’s percentage of residual tumors was higher than in
the PSC study (44% vs. 30.2%). We developed prognostic pre-
dictive models to confirm the generalizability of the effects
of the HALP index on oncological outcomes of AEOC post-
NACT. Our study demonstrated that incorporating the HALP
index into models and recognizing other established factors,
such as the FIGO stage, histology, and treatment modality,
substantially enhanced the accuracy of predicting suboptimal
debulking. Furthermore, assessing the HALP index before ini-
tiating NACT proved to be a valuable tool for predicting the
response of tumors to platinum-based chemoradiotherapy. The
clinical risk score was divided into low-, moderate-, and high-
risk categories using specific cutoff points to guide clinicians
in assessing the risk of suboptimal cytoreduction. Optimal
cytoreduction remains the primary approach for the treatment
of AEOC. Based on our findings, patients with a clinical risk
score of up to 3 are suitable candidates for IDS after NACT,
whereas those with a score of 5 are less likely to achieve opti-
mal cytoreduction. Continued NACT or switching to second-
line chemotherapy is recommended for high-risk patients.

The strength of our study is that it is the first to explore
the effects of the HALP index on the oncological outcomes
of AEOC. However, this study has some limitations. The
derivation cohort included a few patients, and data were ret-
rospectively collected. The model was also based on a single
center with a high incidence of suboptimal cytoreduction. This
score may not be suitable for use in centers with a lower inci-
dence. Potential confounders that could influence oncological
outcomes were not available. Finally, the clinical risk score
should be validated in a more extensive prospective study be-
fore being applied in clinical practice.

In conclusion, this study proposes a new clinical risk score
based on six independent predictors. Including the HALP in-
dex in the newly developed clinical risk score has been proven
to have a good predictive value. This scoring system can be
practically applied to assess the suboptimal cytoreduction risk
in patients with AEOC after NACT.

Supplementary Material

Suppl 1. Calibration plot of score predicted risk vs. observed
risk of suboptimal debulking cases.
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Suppl 2. Multivariate Logistic Regression Analysis
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