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Comparison of inflammation-based prognostic
scores as predictors of survival outcomes in
patients with germ cell tumors
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Motoo Arakii, Toyohiko Watanabe, Yasutomo Nasu
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Purpose: The aim of this study was to compare the prognostic value of pretreatment inflammation-based scoring systems in terms
of overall survival (OS) and progression-free survival (PFS) in patients with germ cell tumors (GCTs) receiving bleomycin, etoposide,
and cisplatin (BEP) chemotherapy.

Materials and Methods: We evaluated 63 patients with GCTs retrospectively. The Glasgow prognostic score (GPS), neutrophil-
to-lymphocyte ratio, prognostic index, platelet-to-lymphocyte ratio (PLR), prognostic nutritional index (PNI), systemic immune-
inflammation index, and albumin-to-globulin ratio (AGR) were measured in all patients before chemotherapy. To assess the
predictive ability of each scoring system, areas under the receiver operating characteristic curve were calculated, and multivariate
analysis was performed to identify associations between the predictive scores and OS.

Results: Of all the inflammation-based scoring systems, the GPS had the greatest area under the curve (0.847) for predicting OS,
followed by the PNI (0.829) and AGR (0.810). Kaplan—Meier analyses revealed that the GPS, PNI, and AGR were significantly associ-
ated with OS, whereas the GPS, PLR, and PNI were significantly associated with PFS. In the multivariate analysis, the GPS was an
independent predictor of OS and PFS.

Conclusions: We demonstrated that the GPS was the most valuable biomarker of OS and PFS in patients with GCTs.
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INTRODUCTION

A germ cell tumor (GCT) is a common malignancy in
men [1] Several studies have reported a favorable prognosis
of GCTs because chemotherapy is often effective, even for
advanced cases [23] The bleomycin, etoposide, and cisplatin
(BEP) regimen has been used as the standard chemotherapy

regimen for GCTs [4] However, some cases are resistant to
this treatment, resulting in relapse or death.

Alpha fetoprotein, human chorionic gonadotropin, and
lactate dehydrogenase are serum tumor markers of GCTs
that have been used for several decades [5] According to the
International Germ Cell Consensus Classification (IGCCC),
the combination of these biomarkers is essential for deter-
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mining the prognosis and treatment of advanced GCTs [6]
However, the IGCCC is based on cases enrolled between 1975
and 1990 and thus may not reflect the current situation of
patients with GCTs. In particular, some reports have shown
that the survival rate of recently treated patients with a
poor prognosis has improved [7,8]. Therefore, a modified
prognostic classification that meets current needs is needed.

Recently, inflammation-based scoring systems for several
types of malignant tumors have attracted attention [9-11]
Because of the advantage of inflammation-based markers,
which can be easily measured by use of routine blood tests,
these scoring systems are increasingly being reported as pre-
dictors of outcomes in numerous cancers [12] In GCTs, only
a few studies have assessed the prognostic value of inflam-
mation-based biomarkers, and the only comparative study
of inflammation-based scoring systems was conducted to
predict the pulmonary toxicity of bleomycin [12] GCTs have
a good survival outcome on the whole compared with other
cancers when they are treated appropriately. However, in a
specific cohort of patients, poor prognosis and unfavorable
therapy response profiles are observed. Thus, we were inter-
ested in investigating several inflammatory markers within
retrospectively followed patients with GCTs who initiated
systemic chemotherapy. The purpose of this study was to
compare the prognostic value of inflammation-based scoring
systems in terms of the overall survival (OS) and progres-
sion-free survival (PFS) of patients with GCTs treated with
BEP chemotherapy.

MATERIALS AND METHODS

1. Patients

In this study, we recruited patients who were newly di-
agnosed with a GCT and received first-line chemotherapy
in our institution between February 2007 and December
2018. Patients who underwent radical orchiectomy only were
excluded. GCT diagnosis was confirmed pathologically, and
both seminoma and nonseminoma cases arising in the testis
or extragonadal regions were included. All patients received
three or four cycles of BEP chemotherapy according to the
National Comprehensive Cancer Network guidelines, ver-
sion 2. The BEP regimen consisted of bleomycin 30 mg once
weekly on days 2, 9, and 16; etoposide 100 mg/m” on days 1-5
every 3 weeks; and cisplatin 20 mg/m® on days 1-5 every 3
weeks, according to the IGCCC [6] Patients who were treated
at other institutions or had clinical evidence of an infection
were excluded.
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2. Methods

Blood samples were collected before the initial treatment
to measure C-reactive protein (CRP), albumin, and globu-
lin levels and neutrophil, lymphocyte, white blood cell, and
platelet counts. In order to avoid the influence of surgical
inflammation resulting from the radical orchiectomy, we
analyzed the preoperative blood sample. In patients with
extragonadal GCTs, we analyzed the blood sample before
initial chemotherapy. These parameters were used to cal-
culate the Glasgow prognostic score (GPS), neutrophil-to-
lymphocyte ratio (NLR), prognostic index (PI), platelet-to-
lymphocyte ratio (PLR), prognostic nutritional index (PNI),
systemic immune-inflammation index (SII), and albumin-to-
globulin ratio (AGR) (Table 1). The cutoff values for each
inflammation-based scoring system were defined as shown
in Table 1. The GPS and PI cutoff values were determined
on the basis of previous studies, whereas the cutoff values
of the other markers were determined by receiver operating
characteristic (ROC) curve analyses [9]

Table 1. Scoring systems for inflammation-based markers

Scoring system Score
GPS
CRP <1.0 mg/dL and albumin =3.5 g/dL 0
CRP =1.0 mg/dL or albumin <3.5 g/dL
CRP =1.0 mg/dL and albumin <3.5 g/dL 2
NLR
Neutrophil count/lymphocyte count <4.1 0

Neutrophil count/lymphocyte count >4.1
Pl
CRP <1.0 mg/dL and white blood cell count <11x10*/uL 0
CRP =1.0 mg/dL or white blood cell count =11x10°/uL
CRP =1.0 mg/dL and white blood cell count =11x10*/uL 2
PLR
Platelet count/lymphocyte count <320 0
Platelet count/lymphocyte count =320
PNI
10xalbumin (g/dL)+0.005xtotal lymphocyte count >32 0
10xalbumin (g/dL)+0.005xtotal lymphocyte count <32
S

Platelet countxneutrophil count/lymphocyte count 0
<120x10%/m’
Platelet countxneutrophil count/lymphocyte count 1
>120x10%/m’
AGR
Albumin level/globulin level >1.1 0

Albumin level/globulin level <1.1

GPS, Glasgow prognostic score; CRP, C-reactive protein; NLR, neutro-
phil-to-lymphocyte ratio; Pl, prognostic index; PLR, platelet-to-lym-
phocyte ratio; PNI, prognostic nutritional index; SI, systemic immune-
inflammation index; AGR, albumin-to-globulin ratio.
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3. Statistical analysis

All statistical analyses were performed by using EZR,
version 136 (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan), a graphical user interface for R [13]
The patients’ characteristics and laboratory data were ana-
lyzed by using Fisher’s exact test for categorical variables
and the Mann—Whitney U-test for continuous variables. The
ability of each inflammation-based scoring system to predict
survival (OS and PFS) was assessed by calculating the area
under the ROC curve (AUC). The Kaplan—Meier method
was used to estimate survival outcomes by use of each scor-
ing system, and differences between survival curves were
determined by using a two-tailed log-rank test. Univari-
ate logistic regression analyses were conducted to identify
potential predictive factors for OS and PFS. Variables de-
termined to be significant in the univariate analyses were
entered into the multivariate logistic regression analysis. We
considered a p-value <005 to be significant.

4. Ethics
This retrospective study complied with the standards of

Table 2. Demographic and clinical characteristics of the patients

Variable Value

Age (y) 35(16-67)
Smoking history 26 (41)
Underlying lung disease 6(10)
BMI (kg/m’) 23 (13-34)
Primary site

Testis 56 (89)

Extragonadal 7(11)
Histology

Seminoma 17 (27)

Non-seminoma 46 (73)
IGCCC risk group

Good 26 (41)

Intermediate 23 (37)

Poor 14 (22)
T stage’

0 1(2)

1 27 (43)

2 19 (30)

3 7(11)

4 2(3)
Lymph node metastasis 49 (78)
Lung metastasis 22 (35)
Non-pulmonary solid metastasis 9(14)

Values are presented as median (range) or number (%).

BMI, body mass index; IGCCC, International Germ Cell Consensus Clas-
sification.

°Extragonadal cases not included.
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the Declaration of Helsinki and current ethical guidelines
and was approved by the Institutional Review Board of
Okayama University (approval number: 1803013).

RESULTS

1. Patient characteristics

During the study period (February 2007 to December
2018), 63 patients were newly diagnosed with a GCT and
underwent BEP chemotherapy. The median follow-up period
was 634 months (range: 1.6-1505). The baseline characteris-
tics of the patients are shown in Table 2. Seven patients died
from their GCT, all of whom had a histology of nonsemi-
noma. No patient died of any other cause. Six of the seven
patients who died had high-risk disease, and the remain-
ing patient had intermediate-risk disease, according to the
IGCCC. In this cohort, seven patients had tumors involving
the extragonadal regions (of whom three patients died from
the GCT). One patient with TO disease was diagnosed with a
burned-out GCT based on histological examination of tissue
removed during inguinal orchiectomy. The laboratory data
of the patients before the start of chemotherapy are shown
in Table 3.

Table 3. Patient laboratory data prior to initiation of chemotherapy

Variable Value

CRP (mg/dL) 0.84 (0.01-18.2)
ALB (g/dL) 43(2.2-5.1)
White blood cell count (x10°/L) 7.5(3.7-18.0)
Neutrophil count (x10°/L) 5.5(2.0-14.1)
Lymphocyte count (x10°/L) 1.4(0.2-2.9)
Platelet count (x10*/m?’) 22.8 (6.1-77.6)
GPS

0 33(54)

1 20(33)

2 8(13)
NLR 4.4(0.9-18.2)
Pl score

0 27 (44)

1 23(37)

2 12(19)
PLR 208 (73-840)
PNI 43 (22-51)
Sl (x10%/m’) 127 (19-557)
AGR 1.3(0.6-2.2)

Values are presented as median (range) or number (%).

CRP, C-reactive protein; ALB, albumin; GPS, Glasgow prognostic score;
NLR, neutrophil-to-lymphocyte ratio; Pl, prognostic index; PLR, plate-
let-to-lymphocyte ratio; PNI, prognostic nutritional index; SlI, systemic
immune-inflammation index; AGR, albumin-to-globulin ratio.
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Fig. 1. Comparison of the area under the receiver operating charac-
teristic curve for predicting overall survival of patients with germ cell
tumors among the inflammation-based scoring systems evaluated.
GPS, Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio;
Pl, prognostic index; PLR, platelet-to-lymphocyte ratio; PNI, prognos-
tic nutritional index; SlI, systemic immune-inflammation index; AGR,
albumin-to-globulin ratio.

2, Predictive factors

The ROC curves for each inflammation-based score for
predicting OS are summarized in Fig. 1. We compared the
AUCs to evaluate the discriminatory ability of each score
(Table 4). All scores except the PLR were associated with
OS. The GPS had the highest AUC (0.847; 95% confidence
interval [CI], 0.66—1.00; p<001) of all the inflammation-based
scoring systems examined, followed by the PNI (0.829; 95%
CL 065-1.00; p<0.01) and the AGR (0.810; 95% CI, 0.66—0.96;
p<001). When comparing the statistical significance between
the AUC of each score, we found that only the comparison
of GPS with PLR (p=002) and that of PLR with PNI (p=0.02)
showed statistical significance.

Kaplan—Meier analyses revealed that the GPS (p<001),
PNI (p<0.01), and AGR (p<0.01) were significant predictors
of OS, and the GPS (p<001), PLR (p=0.03), and PNI (p<0.01)
were significant predictors of PFS (Figs. 2, 3). Patients with
a GPS of 0 or 1 had a significantly better OS (p<0.001, Fig. 2)
and PFS (p<0001, Fig. 3) than did those with a GPS of 2.

Tables 5 and 6 summarize the results of the univariate
and multivariate analyses of predictive factors for OS and
PFS. The univariate analysis showed that the GPS (p<0.01),
PNI (p<0.01), and AGR (p=0.01) were associated with OS.
These significant variables were then included in the multi-
variate analysis, which showed that only the GPS remained
independently associated with OS (hazard ratio 997, p=0.04,
Table 5). The factors associated with poor PFS in the uni-
variate analyses included GPS (p<001), PLR (p=0.04), and
PNI (p<001). In the multivariate analysis, only the GPS was
significantly associated with PFS (hazard ratio 456, p<0.01)
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Table 4. Comparison of the AUC for predicting overall survival accord-
ing to inflammation-based factors

Factor AUC 95% confidence interval p-value
GPS 0.847 0.66-1.00 <0.01
NLR 0.665 0.51-0.82 0.04
Pl 0.708 0.51-0.90 0.04
PLR 0.605 0.40-0.81 0.32
PNI 0.829 0.65-1.00 <0.01
Sl 0.683 0.53-0.84 0.02
AGR 0.810 0.66-0.96 <0.01

AUC, area under the receiver operating characteristic curve; GPS,
Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio; PI,
prognostic index; PLR, platelet-to-lymphocyte ratio; PNI, prognostic
nutritional index; SlI, systemic immune-inflammation index; AGR,
albumin-to-globulin ratio.

and OS (hazard ratio 997, p=0.04) (Table 6).

DISCUSSION

This retrospective study demonstrated that, among the
inflammation-based scoring systems examined, the GPS is
the most suitable predictor of OS and PFS. This is the first
report to assess the association between the GPS and the
survival of patients with GCTs.

Patients with cancer generally have chronic activation of
systemic inflammatory responses and tend to have poor nut-
rition. To assess such conditions, inflammation-based scoring
systems have been proposed, which can easily be calculated by
simple blood sampling. It is assumed that combining a blood
parameter with either inflammatory response or nutritional
status factors can improve the sensitivity of prognostic predic-
tions. We previously reported that preoperative inflammatory
markers are associated with pulmonary toxicity due to BEP
chemotherapy [14] This paper suggested that systemic inflam-
mation could affect the response to chemotherapy in patients
with GCTs. In addition, there are several lines of research
being reported in which preoperative or prechemotherapy
systemic inflammation is related to poor prognosis and unfa-
vorable therapy response profiles in patients with carcinoma.
On the basis of these findings, we guess that preoperative
systemic inflammatory status may affect survival outcomes
in patients with GCTs. We examine several inflammatory
markers before administering first-line BEP chemotherapy.
The reason for collecting blood samples at this time is that
it is difficult to evaluate postchemotherapy inflammatory
markers because bleomycin itself causes inflammation. In this
context, we included the patients who received BEP chemo-
therapy, so we excluded the patients who underwent radical
orchiectomy only.

https://doi.org/10.4111/icu.20200103
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Table 5. Univariate and multivariate analyses of predictive factors for overall survival
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Univariate analysis

Multivariate analysis

Risk factor Hazard ratio 95% confidence interval p-value Hazard ratio 95% confidence interval p-value
GPS (0, 1vs.2) 22.98 4.42-119.30 <0.01 9.97 1.16-85.88 0.04
NLR, 4.1 4.42 0.53-36.75 0.17
P1(0,1vs.2) 2.72 0.61-12.17 0.19
PLR, =320 2.29 0.51-10.25 0.28
PNI, <32 22.98 4.42-119.30 <0.01 NA NA NA
Sll, =120x10*/m’ 487 0.59-40.47 0.14
AGR, <1.1 14.73 1.78-122.50 0.01 341 0.21-54.53 0.39

GPS, Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio; Pl, prognostic index; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nu-
tritional index; S, systemic immune-inflammation index; AGR, albumin-to-globulin ratio; NA, not available.

Table 6. Univariate and multivariate analyses of predictive factors for progression-free survival

Univariate analysis

Multivariate analysis

Risk factor Hazard ratio 95% confidence interval p-value Hazard ratio 95% confidence interval p-value
GPS (0, 1vs.2) 4.99 1.69-14.75 <0.01 4.56 1.52-13.73 <0.01
NLR, =4.1 3.17 0.89-11.26 0.07
PI(0, 1vs. 2) 2.25 0.77-6.58 0.14
PLR, =320 297 1.07-8.21 0.04 2.59 0.92-7.25 0.07
PNI, <32 4.99 1.69-14.75 <0.01 NA NA NA
Sll, 2120x10*/m’ 2.49 0.79-7.85 0.12
AGR, <1.1 2.54 0.89-7.24 0.08

GPS, Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio; Pl, prognostic index; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nu-
tritional index; SlI, systemic immune-inflammation index; AGR, albumin-to-globulin ratio; NA, not available.

The GPS is an inflammation-based prognostic score based
on serum levels of CRP and albumin. Hypoalbuminemia is
known to be a negative prognostic marker in cancer patients
and is verified in various types. Hypoalbuminemia is also a
systemic inflammation parameter. The GPS was constructed
on the basis of the cross-linkage between CRP and albumin
[15], and its prognostic value is increasingly being reported
in various cancers [16-21] The relationship between the GPS
and a poorer prognosis of cancer patients is unclear and
likely involves a complex mechanism. However, it is believed
that CRP plays a pivotal role in the tumor—host relation-
ship, with an elevation in CRP reflecting compromised cell-
mediated immunity. In, addition, an elevated CRP level and
hypoalbuminemia are also associated with upregulation
of components of the innate immune system. Thus, a high
GPS score (ie, elevated CRP and reduced albumin levels)
indicates an immune system imbalance, thus compromising
effective host—tumor immune responses [20,21]

In this study, the GPS had the highest prognostic abil-
ity, with 54% of the patients having a score of 0, 33% a score
of 1, and 13% a score of 2. The proportion of patients with
a high GPS score seems lower for GCTs than for colorectal
and metastatic renal cancers [16-18] We believe that this is
because of the more favorable prognosis of GCTs than of

52 www.icurology.org

other cancers. Using the Kaplan—Meier method, we showed
that both OS and PFS were significantly lower in patients
with a GPS of 2 than in patients with a GPS of 0 or 1. Fur-
thermore, in the multivariate logistic regression analysis, the
GPS was an independent prognostic factor for both OS and
PFS. These results suggest that the GPS has a strong predic-
tive ability, and we can assess tumor aggressiveness more
accurately by evaluating the GPS in combination with the
existing IGCCC.

The PNI was the second most useful predictor after the
GPS in this study. The PNI is calculated on the basis of the
serum albumin level and total lymphocyte count, which
reflect both pretreatment nutrition and inflammation sta-
tus [22] Malnutrition causes immune dysfunction and an
altered inflammatory response [23] Thus, pretreatment nu-
tritional status predicts not only the risk for complications
but also the long-term outcomes of cancer patients [19,22,23]
In this study, we set the cutoff PNI to 32 based on the ROC
analysis. This cutoff value is lower than those used for
other diseases, which often range from 40 to 50 [22,23] This
is because GCTs are is more common in younger men whose
blood albumin levels are higher than in older men. As a re-
sult, the PNI value decreases with age [24]

Even though no study has investigated the predictive

https://doi.org/10.4111/icu.20200103
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value of the GPS or PNI for GCT outcomes, one study re-
vealed that low albumin and high CRP levels are associated
with a shorter OS in patients with metastatic GCTs under-
going first-line chemotherapy [25] This was similar to our
findings in that albumin and CRP levels are components of
the GPS and PNI, albeit with differences before and after
chemotherapy. Several studies have demonstrated that the
NLR or SII (a combination of the NLR and PLR) is an inde-
pendent predictor of OS in addition to the IGCCC risk group
[25,26] However, it is unknown which of the inflammation-
based scoring systems most accurately predicts the survival
outcomes of patients with GCTs, as comparative assessments
have not been performed previously. Herein, we compared
the GPS, NLR, PI, PLR, PNI, SII, and AGR to determine
which scoring system is most suitable for predicting the
survival outcomes of patients with GCTs. The GPS and PNI
followed by the AGR showed superiority in terms of the
AUC. The AGR, which is obtained by dividing the serum
albumin level by the globulin level, also reflects both the
nutritional status and inflammatory response [27] As in a
previous study, the PNI was more predictive of malnutrition
than was the AGR, because the PNI is based on two inde-
pendent factors, the albumin level and lymphocyte count,
whereas the AGR is based on two related factors [12] The
PLR was the only inflammatory marker not associated with
OS in the ROC analysis, yet was a valuable predictor of PFS.
It has been reported that changes in the PLR are affected
by other systemic inflammatory markers, especially the
NLR [28] The NLR, reflecting neutrophil and lymphocyte
numbers, has been reported to be an independent predictor
of bleomycin pulmonary toxicity and prognosis in patients
with GCTs [12] However, the predictive value of the NLR
was not superior to that of the other inflammatory mark-
ers assessed in this study. The NLR cutoff tends to increase
with disease aggressiveness [12]

Recently, the incidence of GCTs has been increasing, es-
pecially in developed countries [29,30] A GCT is a malignan-
cy that can be cured by multidisciplinary treatments such
as chemotherapy and surgical resection. However, despite
IGCCC risk prediction and potent chemotherapy regimens,
a subset of patients still show a failure of response to treat-
ment after chemotherapy, and some of those patients even-
tually die of their GCT. Thus, it is important to identify the
high-risk patients and intensify the treatment algorithm or
follow-up schedule. The inflammation-based scoring systems
used in this study are useful for predicting prognosis be-
cause we can easily determine inflammation and nutrition
statuses before treatment via blood tests.

Our study has several limitations. First, this was a ret-
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rospective, small-scale, single-center study, subjecting it to
potential selection bias. Second, we included patients who
were admitted to our institution for chemotherapy after
inguinal orchiectomy at other institutions or patients who
experienced recurrence after surgery. Third, different times
of day of correcting of blood sampling may have influenced
our analysis. Finally, most of the cutoff values in this study
were determined by ROC analysis in our institution. There
was no established cutoff definition, which was also dis-
cussed in previous report. However, if there had been a dif-
ference between each of the inflammation-based scoring sys-
tems, it 1s likely that a trend would have been observed. To
determine the most suitable cutoff values for GCT, further
research is required.

CONCLUSIONS

This study demonstrated that the GPS was the most
suitable marker of the seven examined for predicting the
OS and PFS of patients with GCTs. Both components of the
GPS are easily measured and highly reproducible. The GPS
appears to be an optimal tool for predicting prognosis.
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