Received: 5 January 2023

Accepted: 1 March 2023

DOI: 10.1111/1759-7714.14854

ORIGINAL ARTICLE

WILEY

Preoperative systemic immune-inflammation index for predicting
the prognosis of thymoma with radical resection

Qifan Li'
Zhike Cheng'

'Department of Thoracic Surgery, The First
Affiliated Hospital of Soochow University,
Suzhou, China

Department of Cardiothoracic Surgery,
Children’s Hospital of Nanjing Medical
University, Nanjing, China

*Department of Thoracic Surgery, The First

Affiliated Hospital of Nanjing Medical University,

Nanjing, China

Correspondence

Jun Zhao, Department of Thoracic Surgery, The
First Affiliated Hospital of Soochow University,
Suzhou, China.

Email: zhaojia0327@126.com

Wei Wang, Department of Thoracic Surgery, The
First Affiliated Hospital of Nanjing Medical
University, Nanjing, China.

Email: wangwei-doctor@163.com

Funding information

Natural Science Foundation for the Youth of
Jiangsu Province, Grant/Award Numbers:
P112203521, BK20200196

INTRODUCTION

| Yiwei Pu’ | Zetian Gong® |
| Wei Wang®

Yue Yu® | WeiSun’

| Jun Zhao'

Abstract

Background: To investigate the clinical significance of preoperative systemic
immune-inflammation index (SII) in patients with thymoma who underwent radical
resection.

Methods: This retrospective study involved 425 patients with thymoma who
underwent radical resection at the First Affiliated Hospital of Nanjing Medical
University between September 1, 2008 and December 30, 2019. Data regarding
routine preoperative blood tests and clinical features were collected to calculate
and analyze the SII, platelet-to-lymphocyte ratio (PLR), and neutrophil-to-
lymphocyte ratio (NLR).

Results: Univariate analysis indicated that age (p = 0.021), tumor size (p = 0.003),
extended resection (p < 0.001), Masaoka-Koga stage (p < 0.001), PLR (p = 0.012),
NLR (p = 0.041), and SII (p = 0.003) were related to patient prognosis. A higher SII
(>345.83) was a significant independent prognostic factor in this cohort (p = 0.001,
HR = 5.756, 95% CI: 2.144-15.457). Multivariate analysis showed that a high PLR
was significantly associated with overall survival (OS) (p = 0.008, HR = 3.29, 95% CIL:
1.371-7.896), while a high NLR was a significant independent prognostic factor for
shorter OS (p = 0.024, HR = 2.654, 95% CI: 1.138-6.19). SII had an area under the
curve (AUC) of 70.6% (AUC = 0.706) exceeding the predictive value for PLR
(AUC = 0.678) and NLR (AUC = 0.654).

Conclusion: Preoperative SII can predict the prognosis of thymoma patients who have
undergone radical resection but further multicenter prospective studies are needed to
investigate the role of SII in thymoma.
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Masaoka-Koga staging system.” Completeness of resection is
important for the prognosis;® however, simple thymomect-

Thymoma is a rare tumor with an annual incidence of
1 2.73 per 1 million person-years in China," which is higher
than in Europe” and with a 5-year survival rate of approxi-
mately 78%.” The tumor is usually a well-defined round or
lobulated mass in the thymus® typically graded using the
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omy (ST) or thymothymectomy (TT) for stage I remains
controversial.” "'

The WHO histological classification, radical
resection,'” Masaoka-Koga stage and The American Joint
Committee on Cancer’s AJCC Staging Manual, eighth edi-
tion (AJCC 8E) TNM staging system'>'* are independent
prognostic factors for disease-free survival (DFS) and overall
survival (OS). Intense efforts have been devoted to
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investigating the utility of novel markers in risk prediction.
For example, SUV max and SUV avg based on 2- [18 F]
FDG PET/CT are independent factors for OS prediction.
The overexpression of programmed cell death protein
1 (PD-1) and programmed death ligand 1 (PD-L1) in
patients with thymoma is associated with a poor
prognosis.15’16

Considering the cost and convenience, attention has
turned to blood tests with numerous routine blood parame-
ters investigated as risk factor indicators for various cancers,
such as absolute lymphocyte count (ALC), circulating white
blood cells (WBC), absolute neutrophil count, circulating C-
reactive protein (CRP), and lactate dehydrogenase (LDH)
level. Preoperative platelet-to-lymphocyte ratio (PLR) and
neutrophil-to-lymphocyte ratio (NLR) performed well for
the survival prediction of solid tumors.'”™'* These two bio-
markers have also been applied to the study of OS in
patients with lung cancer.”’”>* Indeed, a high NLR and PLR
are associated with a poor prognosis in thymic epithelial
tumors.”*** However, NLR or PLR had a significant effect
on OS in univariable Cox models but not in variable Cox
models, therefore it remains to be confirmed whether NLR
or PLR are independent risk factors for thymoma.

To date, systemic inflammation indicators, based on
neutrophil, platelet, and lymphocyte counts, have rarely
been used for indolent tumors but the SII is a novel promis-
ing inflammation-based prognostic marker for thoracic neo-
plasms.”® Therefore, this study evaluated the prognostic
significance of NLR, PLR and SII for the OS of patients with
thymoma.

METHODS
Patients

We retrospectively reviewed 475 patients treated at the
Department of Thoracic Surgery, the First Affiliated Hospi-
tal of Nanjing Medical University between September
1, 2008 and December 30, 2019. Participants were followed
up for at least 1 year by telephone or outpatient clinic visits.
Inclusion criteria were: (1) thymoma confirmed by postop-
erative pathology; (2) free of chemotherapy, radiotherapy,
immunotherapy, or other complementary treatment before
operation; (3) no personal history of other tumors; (4) free
of liver or kidney injury, acute or chronic infection, hemato-
logical diseases, or other diseases affecting indicators of
blood cells, albumin, or coagulation before surgery; (5) suc-
cessful radical resection and (6) complete data (including
clinical information, laboratory examination and follow-up)
(Figure 1).

Clinical information collection and calculation

Detailed case information (including pathology reports)
was captured using an electronic case report form in the
First Affiliated Hospital of Nanjing Medical University.
Participants were followed up for at least 1 year by tele-
phone or outpatient clinic visits until death, May 11, 2021,
or lost to follow-up. Blood routine examinations before
surgery included platelet counts (PLT), absolute

Patients with thymoma confirmed by postoperative pathology
(2008/09-2019/12) (N = 475)

Complementary treatment before operation (N = 1)
Thymic cancer or thymic carcinoid (N = 22)
Personal history of other tumors (N = 5)
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FIGURE 1 Flow chart. PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index.
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TABLE 1 Patient characteristics L.
Characteristics n (%)
Gender
Male 200 (47.06%)
Female 225 (52.94%)

Age (years)

Median (range) 56 (17-79)

< 212 (49.88%)

> 213 (50.11%)
WHO type

A 38 (8.94%)

AB 153 (36%)

Bl 63 (14.82%)

B2 93 (21.88%)

B3 78 (18.35%)
Myasthenia

Yes 50 (11.76%)

No 375 (88.23%)
Extended resection

Yes 33 (07.76%)

No 392 (92.24%)
Masaoka-Koga stage

I 241 (56.71%)

II 127 (29.88%)

11T 46 (10.82%)

v 11 (02.59%)
Tumor size (cm)

Median (range) 6 (1-18)

< 251 (59.01%)

> 174 (40.94%)
PLR

Median (range) 103.11 (12.64-376.47)

Low 213 (50.12%)

High 212 (49.88%)
NLR

Median (range) 1.77 (0.24-21.54)

Low 213 (50.12%)

High 212 (49.88%)
SII

Median (range) 345.83 (33.49-6893.18)

Low 213 (50.12%)

High 212 (49.88%)

Abbreviations: NLR neutrophil—to—lymphocyte ratio; PLR, platelet—to—lymphocyte
ratio; SII, systemic immune-inflammation index; WHO World Health
Organization.

neutrophil count (ANC) and absolute lymphocyte count
(ALC). NLR, PLR and SII were calculated according to the
following equations: NLR = ANC/ALC; PLR = PLT/ALC;
SII = NLR x PLT = ANC x PLT/ALC.

Statistical analysis

Descriptive analysis was performed using the median for
continuous variables. The NLR, PLR and SII were analyzed
using the median value as the cutoff. The Mann-Whitney U
test and chi-squared test were used to compare groups. OS
was defined as the time between diagnosis and/or biopsy
examination until the date of death. All patients were fol-
lowed up until death, loss of follow-up, or until December
31, 2019 (10 years follow-up). Survival analyses were per-
formed using the Kaplan-Meier technique and Cox regres-
sion was used to predict survival probabilities. A p-value
< 0.05 was considered statistically significant. The analyses
were performed using SPSS (version 26, https://www.ibm.
com/analytics/spss-statistics-software) or R software (ver-
sion 4.1.0, http://www.r-project.org).

RESULTS
Clinical characteristics

The data of 475 potentially eligible participants treated at
the Department of Thoracic Surgery in the First Affiliated
Hospital of Nanjing Medical University between September
1, 2008 and December 30, 2019 were reviewed, of which
425 patients met the inclusion criteria and were included in
the final analysis. The patient characteristics are detailed in
Table 1 showing that the cohort included 200 (47.06%) men
and 225 (52.94%) women with a median age of 56 years
(range 17-79 years).

Preoperative PLR, NLR and SII in patients with
thymomas

The patients were stratified according to the median NLR,
PLR and SII (Table 2). There were no statistically significant
differences in the histological classification of the WHO,
Masaoka-Koga stage and tumor size. However, there was a
significant difference concerning age (p = 0.029) observed
in the SII group. There was a statistically significant differ-
ence between the PLR (p = 0.013) and NLR (p = 0.018)
groups regarding gender, as well as in myasthenia between
the two PLR groups (p = 0.037).

Survival analysis

Patient follow-up ranged from 17 months to 154 months
postoperatively and 6.35% of patients died during follow-up.
The 5-year OS rate was 94.0% and the 10-year OS rate was
89.2% (Figure 2). The Kaplan-Meier overall survival analy-
sis is presented in Figure 3, showing that gender, myasthenia
and WHO type were not significantly associated with
patient survival. However, age, tumor size, expanded re-
section and Masaoka-Koga stage significantly affected
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TABLE 2 Patient characteristics II.

NLR PLR SII
Characteristics Low High p-value Low High p-value Low High p-value
Gender 0.018 0.013 0.16
Male 89 111 113 87 93 107
Female 126 929 100 125 120 105
Age (years) 0.16 0.961 0.029
< 100 112 106 106 95 117
> 115 98 107 106 118 95
WHO type 0.783 0.286 0.576
A 21 19 21 19 21 19
AB 75 78 69 84 72 81
B (B1, B2, B3) 119 113 123 109 120 112
Tumor size 0.69 0.812 0.155
< 129 122 127 124 133 118
> 86 88 86 88 80 94
Myasthenia 0.929 0.037 0.376
Yes 25 26 32 19 28 23
No 190 184 181 193 185 189
Extended resection 0.540 0.2 0.845
Yes 15 18 13 20 16 17
No 200 192 200 192 197 195
Masaoka-Koga stage 0.145 0.437 0.44
I 137 123 131 129 132 128
II 57 62 61 58 59 60
I 19 18 17 20 19 18
v 2 7 4 5 3 6

Note: Bold values represent statistically significant results.

Abbreviations: NLR neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; WHO World Health Organization.
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FIGURE 2 Overall survival (OS). The 5-year OS rate was 94.0% and
the 10-year OS rate was 89.2%.

patient survival, with patients with a high PLR (p = 0.008),
NLR (p = 0.035), and SII (p = 0.001) having shorter sur-
vival times.

Correlations between the immune-
inflammation index and clinicopathological
factors in thymoma

Correlation analysis was performed to identify independent
factors in Cox regression models, revealing that PLR, NLR
and SIT were strongly correlated (Figure 4). Masaoka-Koga
stage and the WHO histological classification had a weak
but significant correlation (r = 0.226 and p < 0.001), as had
WHO and extended resection (r = 0.153 and p = 0.002). In
the univariate Cox regression analysis, these factors except
gender and WHO stage were significantly associated with
OS (Table 3).

As shown in previous studies, the Masaoka-Koga stage
and the WHO histological classification are well-established
independent prognostic factors. The WHO histological clas-
sification was included in the multivariate Cox regression
model and an SII greater than 345.83 was a significant inde-
pendent prognostic factor after adjusting for common fac-
tors (p = 0.001, HR = 5.756, 95% CI: 2.144-15.457)
(Table 4). Multivariate analysis also revealed that the PLR
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SN TABLE 3 Predictors of the overall survival of patients with thymoma
00?6 Gc}‘o according to the univariate Cox proportional hazard model.
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TABLE 4 Predictors of the overall survival of patients with thymoma

FIGURE 4 Correlation analysis and selection of predictors. Platelet- according to the multivariate Cox proportional hazard model (SII).

to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR) and

systemic immune-inflammation index (SII) were strongly correlated. The Factors Hazard ratio 95% CI p-value

N.Iasaokz.i—Koga sFage e.md the World Healt}.l Qrganization (WHO) Age 334 1.45-7.693 0.005

histological classification had a weak but significant correlation (r = 0.226 )

and p < 0.001). WHO histological classification and extended resection had Tumor size 2.786 1.155-6.72 0.023

a weak but significant correlation (r = 0.153 and p = 0.002). Masaoka-Koga stage 3.124 2.111-4.625 <0.001
SII 5.756 2.144-15.457 0.001

Abbreviations: SII, systemic immune-inflammation index; WHO, World Health

was significantly associated with OS (p = 0.008, HR = 3.29, ~ Organization.

95% CI: 1.371-7.896) (Table 5). A high NLR was a signifi-

cant independent prognostic factor for shorter OS

(p = 0.024, HR = 2.654, 95% CI: 1.138-6.19) (Table 6). The =~ DISCUSSION

survival curve based on the mean of the covariates in
Figure 5 shows that SII had an AUC of 70.6%
(AUC = 0.706) thus exceeding the predictive value for PLR
(AUC = 0.678) and NLR (AUC = 0.654).

This is the first study to investigate the predictive effect of
SII on the OS of patients who had undergone complete re-
section of thymoma with radical resection, showing that a
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TABLE 5 Predictors of the overall survival of patients with thymoma
according to the multivariate Cox proportional hazard model (PLR).

Factors Hazard ratio 95% CI p-value
Age 3.021 1.317-6.93 0.009
Tumor size 2.885 1.182-7.042 0.02
Masaoka-Koga stage 2.958 1.989-4.4 <0.001
PLR 3.29 1.371-7.896 0.008

Abbreviation: PLR platelet-to-lymphocyte ratio.

TABLE 6 Predictors of the overall survival of patients with thymoma
according to the multivariate Cox proportional hazard model (NLR).

Factors Hazard ratio 95% CI p-value
Age 3.412 1.465-7.947 0.004
Tumor size 2.752 1.125-6.733 0.027
Masaoka-Koga stage 2.92 1.967-4.335 <0.001
NLR 2.654 1.138-6.19 0.024

Abbreviation: NLR, neutrophil-to-lymphocyte ratio.

100 N
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FIGURE 5 Receiver operating characteristic (ROC) curve. Systemic

immune-inflammation index (SII) had an area under the curve (AUC) of
70.6% (AUC = 0.706), thus exceeding the predictive value for platelet-to-
lymphocyte ratio (PLR) (AUC = 0.678) and neutrophil-to-lymphocyte ratio
(NLR) (AUC = 0.654).

high preoperative SII was independently prognostic of an
increased risk of short OS in patients with radical resection.
Many studies have demonstrated that the infection site,
chronic stimulation and inflammation are the origins of
tumors”’ and tumors alter the inflammatory milieu in the
tumor microenvironment (TME).?® Moreover, systemic
inflammation disrupts the dynamic equilibrium in TME,
inducing a supportive environment for tumor growth.*” It has
been shown that inflammation may play an important role in
cancer development, especially in dictating metastatic progres-
sion rather than in early tumorigenesis.”® Therefore, inflam-

mation is implicated in tumorigenesis and tumor
development.*'

TME is fundamentally characterized by persistent
inflammation®*” and an array of cell types cooperate to

foster tumor cell migration and invasion such as tumor cells,
stromal cells and extracellular matrix (ECM).**** Neutrophils
can promote tumorigenesis and metastasis in TME through
complex mechanisms.*” It has been shown that neutrophils
can release granules containing neutrophil elastase (NE), neu-
trophil collagenase (MMP8), and gelatinase B (MMP9) to
remodel the ECM and accelerate cancer progression.””*!
Although the role of platelets in tumor metastasis remains to
be investigated, there is evidence of their involvement in
tumor development.*” It is currently considered that tumor
cells may directly induce clustering and activation of platelets,
which in turn, release multiple growth factors to promote cell
proliferation in tumor cells.**** However, various lymphocytes
traffic into the tumor microenvironment and inhibit the pro-
liferation of tumor cells.*” These derived ratios calculated in
this study are considered to reflect the strength of peripheral
immunity and inflammatory status,*® and the three parame-
ters PLR, NLR and SII were strongly correlated.

Recent clinical studies have shown that the NLR and PLR
are prognostic factors for survival in many solid tumor
types.****® According to a meta-analysis in 2014, a high
NLR was a poor predictive factor for OS among various dis-
ease subgroups and across disease stages of 100 studies com-
prising 40 559 patients and a high NLR was significantly
associated with OS, similar to the present study. Although the
role of PLR requires a meta-analysis of randomized trials, pre-
vious studies showed that a high PLR was an independent
predictor of poor OS for epithelial ovarian cancers.*” To date,
several studies focused on the role of NLR, PLR, and SII in
thymic epithelial tumors.”>>>**>> In 2021, Huang et al.
established a nomogram to predict outcomes of thymomas by
combining clinical features, NLR, PLR and other blood assays
but PLR was not an independent prognostic factor, rather the
primary outcome indicator was relapse-free survival rather
than OS.”' Furthermore, Wang et al. demonstrated that NLR,
as a tumor glycolysis-related inflammatory marker, enhanced
tumor glycolytic activity in TETs metastasis but was not asso-
ciated with systemic inflammatory indicators and OS.”*> Our
study focused on the patients who underwent radical re-
section of thymic epithelial tumors (TETs) and the study
results are consistent with two studies that showed that a high
NLR correlated with poor prognosis in patients with radical
resection of thymic carcinoma.”*>* Moreover, NLR was an
important independent risk factor for disease-related survival
(DRS) and cumulative incidence of recurrence (CIR) but not
for OS and disease-free survival (DFS). Veraar et al. showed
that SII was not statistically significantly different for OS and
DFS.>® Considering that our study involved 425 patients,
more cases than in these studies, we are confident that our
results are more meaningful.

The cutoff point for each marker is an essential aspect
when comparing results from different studies. Investigators
have selected different cutoffs for different tumors and these
parameters often have a non-normal distribution. The non-
normally distributed values are appropriately described by
the median, which has been validated by previous studies.
Some studies have reported that cutoffs were determined
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using receiver operating characteristic (ROC) curves (C-
index). In our study, the cutofts for PLR, NLR, and SII were
103.11, 1.77, and 345.83, respectively, which were lower than
the normal selections. Interestingly, previous studies have
found that the association between NLR or SII cutoffs and
OS was very small and unlikely to affect the interpretation
of the results.*”

In this study, SII was used to predict OS and compared
to PLR and NLR, SII effectively integrated blood-based
markers of inflammation instead of only calculating the
ratio of the two types of immune cells, therefore has better
predictive and prognostic capabilities.”* SIT has been used
for various tumors such as lung adenocarcinoma,” hepato-
cellular carcinoma,’® oesophagal squamous cell carcinoma
(ESCC) and cervical cancer, and is superior to PLR and
NLR as a predictive biomarker in ESCC and cervical can-
cer.””*® This was also the case in our study. Also, a previous
meta-analysis showed that a high SII was correlated with
poor OS* and a higher SII implies higher platelet/
neutrophil and/or lower lymphocyte counts.’**® Thus, a
higher SII indirectly represents a deficiency of immune
function and increased tumor aggressiveness in patients
with thymoma.

It is worth mentioning that our study has some limita-
tions, primarily stemming from the relatively small cohort
and the short length of follow-up. Thymomas are indolent
tumors characterized by low proliferation, and patients with
thymomas have longer survival compared to other solid
tumors. In the present study, all participants underwent rad-
ical resection and the total number of deaths was too small
to investigate OS, therefore larger, multicenter cohort stud-
ies are needed to further investigate and validate the use of
systemic inflammatory indicators in patients during follow-
up. OS may not be the best assessment measure for surgical
treatment as less than 50% of deaths are a result of tumors.
Additionally, due to the difficulty of follow-up, we were
unable to track recurrence, so further research is needed to
determine whether SII has excellent predictive performance
for recurrence.

In conclusion, preoperative SII can predict the prognosis
of thymoma patients who have undergone radical re-
section but further multicenter prospective studies are
needed to investigate the role of SII in thymoma. Blood tests
incorporating SII may be added to prognostic models to
guide functional follow-up.
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