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High-dose chemotherapy (HDCT) has curative potential in relapsed/refractory germ

cell tumors (GCT). Due to the complexity of this population and the toxicity of

HDCT, we evaluated the association between blood-based systemic inflammatory

indexes and the outcome of GCT patients undergoing salvage treatment with HDCT

in order to define additional prognostic factors able to orient clinical decision. Baseline

characteristics, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),

and the systemic immune-inflammation index (SII) of 62 patients undergoing HDCT for

GCT were retrospectively collected. The aim is to evaluate the correlation between each

inflammatory marker (NLR, PLR, and SII) and response to HDCT, overall survival (OS),

and progression-free survival (PFS). Using the receiver operating curve to identify the best

cutoff values, it was found that patients with GCT with NLR ≥3.3 and SII ≥844,000 had

shorter PFS and inferior OS. In the multivariable analysis including inflammatory markers,

the International Prognostic Factor Study Group (IPFSG) risk group, age, and previous

line of treatment, NLR ≥3.3 and SII ≥844,000 were identified to be independently

associated with shorter PFS and OS. Moreover, NLR, PLR, and SII significantly correlate

with overall response to HDCT. Associating IPFSG prognostic score to inflammatory

markers at baseline of HDCT may improve prognostic information and could help

physicians to make more personalized treatment decisions.

Keywords: germ cell tumors, neutrophil-to-lymphocyte ratio, systemic immune-inflammation index, high-dose

chemotherapy, prognostic factor, immunity
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INTRODUCTION

Metastatic germ cell tumors (GCT) are extremely chemo-
sensitive tumors with a rate of relapse of only 20% after cisplatin-
based first-line chemotherapy (1, 2). The two salvage curative
approaches are conventional-dose chemotherapy (CDCT) and
high-dose chemotherapy (HDCT) with support of peripheral
blood progenitor cells (PBPC). CDCT can induce long-term
remissions in 30–50% (3, 4) as second-line therapy, but its
efficacy is inferior in patients with multiple relapsed or cisplatin-
refractory GCT (5, 6). HDCT can induce durable remissions
in a higher percentage of cases, especially in patients with
unfavorable characteristics. In particular, extragonadal GCT and
patients with brain metastases are notoriously associated with an
inferior survival rate with CDCT (7–9). Since both CDCT and
HDCT have shown a curative potential in the management of
relapsed/refractory GCT, great efforts have been made in order
to define the prognostic factors able to orient clinical decision.
The International Prognostic Factor Study Group (IPFSG)
developed a prognostic model for relapsed/refractory GCT
planned for initial salvage chemotherapy (10). In recent years,
several studies have shown the prognostic and the predictive
role of inflammation indexes such as neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic
immune-inflammation index (SII) in solid tumors (11–15).

In this retrospective analysis, we evaluated the prognostic
implication of baseline NLR, PLR, and SII in patients who
underwent salvage HDCT with PBPC support. We also aimed
to understand if inflammatory markers could add prognostic
information to the well-established IPFSG prognostic score.

MATERIALS AND METHODS

This is a retrospective study of a consecutive series of GCT
patients treated with HDCT and PBPC reinfusion at the
Department ofMedical Oncology, Istituto Scientifico Romagnolo
per lo Studio e la Cura dei Tumori (IRST) IRCCS, Meldola, Italy,
from August 2009 to April 2018. All the patients included in the
study had histologically or tumor marker-proven relapsed GCT
and were candidates for salvage therapy with HDCT. Patient
characteristics including age, sex, histology, metastatic sites, prior
treatments received, risk group according to IPFSG criteria,
blood tests and tumor markers before starting HDCT, data about
mobilization chemotherapy regimen, and response to HDCT
were collected retrospectively. Information on neutrophil,
lymphocyte, and platelet counts from blood tests carried out at
baseline (before HDCT treatment) was collected. In addition,
the NLR, PLR, and SII were calculated prior to the beginning
of HDCT. SII was calculated as platelet count (cells/mm3)
× neutrophil count (cells/mm3)/lymphocyte count (cells/mm3),
NLR was obtained by dividing the absolute neutrophil count
(cells/mm3) by the absolute lymphocyte count (cells/mm3),
and PLR was calculated as the ratio of absolute platelet count
(cells/mm3) to absolute lymphocyte count (cells/mm3). All the
patients gave informed consent for the data collection. The local
ethics committee approved the study. HDCT was constituted

by a first phase of mobilization of PBPC with granulocyte-
colony-stimulating factor (G-CSF) and chemotherapy and a
second phase of three cycles of HDCT with carboplatin [area
under the curve (AUC), 7–8] and etoposide (400 mg/m2)
on days 1–3, repeated every 21 days, followed by reinfusion
of PBPC (16). The chemotherapy mobilizing regimens were
paclitaxel and ifosfamide; cisplatin, etoposide, and ifosfamide;
cisplatin, bleomicin, and etoposide; and paclitaxel, ifosfamide,
and cisplatin. The mobilization chemotherapy regimen was
under medical discretion, depending on the previous treatments
performed by the single patient. We used the WHO definitions
for response criteria for GCTs as follows: Progressive disease
(PD) was defined as an increment superior to 25% in
bidimensional tumor measurements or by increasing tumor
markers of more than 10%, or the appearance of new lesions.
Stable disease (SD) was stated as the presence of reduction
inferior to 50% or increase inferior to 25% in bidimensional
tumor measurements or stable tumor markers. A partial
response (PR) was defined as >50% decrease in bidimensional
tumor measurements, with >90% reduction in tumor markers.
Moreover, the patients who presented no normalized tumor
markers with a reduction >90% from baseline were classified
as marker-positive partial responders (PRm+), whereas the
marker-negative partial responders (PRm–) were those patients
with PR and tumor marker normalization. A complete response
(CR) to chemotherapy was defined as the disappearance of
all clinical, radiographic, and biochemical evidences of disease
for at least 4 weeks. Complete response includes the following
indicators: patients with complete disappearance of disease after
HDCT without residual masses (clinical complete remission,
cCR), patients underwent to surgical resection of residual
disease and finding of necrosis, fibrosis, or mature teratoma,
without evidence of viable malignant cells in the histological
report (pathological complete response, pCR), and patients with
complete response to chemotherapy plus surgery (sCR, defined
as the complete excision of all masses, at least one of which
contained viable GCT, other than mature teratoma).

Statistical Analysis
We performed a univariate Cox regression analysis to assess
the association of each systemic inflammatory markers with
OS and PFS. Multivariable Cox regression analyses were
performed including IPFSG risk groups, age, line of treatment,
and each individual systemic inflammatory marker. Systemic
inflammatory markers in univariate and multivariable analyses
were evaluated as dicotomic variables and were compared using
chi-squared or Fisher test as appropriate. We identified an
optimal cutoff value for each marker using the receiver operating
characteristic (ROC) curve. Time-dependent ROC curves were
produced in order to establish the cutoff between low and
high expression of baseline NLR, PLR, and SII that yielded
the most accurate prediction of PFS and OS at 24 months.
Statistical analyses were performed using SAS statistical software
version 9.4 (SAS Institute Inc., Cary, NC, USA). Continuous
non-normally distributed variables are presented as median
and interquartile ranges, and categorical variables are presented
as percentage. All P < 0.05 were considered as statistically
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TABLE 1 | Patients’ baseline characteristics.

Characteristic Number of patients

(%) n = 62

Age, years (median, range) 33 (18–52)

Sex

- Male 60 (96.8)

- Female 2 (3.2)

Tumor primary site

- Gonadal 46 (74.2)

- Mediastinal 8 (12.9)

- Retroperitoneal 7 (11.3)

- Central nervous system 1 (1.6)

Histology

- Pure seminoma 9 (14.5)

- Non-seminoma or mixed 51 (82.3)

- Ovarian dysgerminoma 2 (3.2)

Transplant setting

- Second line 38 (61.3)

- Third line 20 (32.3)

- Beyond third line 4 (6.4)

Bone, liver, or brain metastasis prior to HDCT

- Yes 23 (37.1)

- No 39 (62.9)

Serum AFP (ng/ml) prior to HDCT

- Normal AFP level 36 (58.1)

- Serum AFP level <10,000 25 (40.3)

- Serum AFP level ≥10,000 1 (1.6)

Serum β-human chorionic gonadotropin (hCG,

mUI/ml) prior to HDCT

- Normal hCG level 31 (50)

- Serum hCG level <50,000 29 (46.8)

- Serum hCG level ≥50,000 2 (3.2)

Serum LDH prior to HDCT

- LDH <1.5 × ULN 49 (79)

- LDH >1.5 and <10 × ULN 12 (19.4)

- LDH >10 × ULN 1 (1.6)

Risk per IPFSG criteria

- Very low 1 (1.6)

- Low 6 (9.7)

- Intermediate 17 (27.4)

- High 25 (40.3)

- Very high 13 (17)

Mobilization chemotherapy

- Ifosfamide paclitaxel 37 (59.7)

- PEI 13 (17)

- TIP 7 (11.3)

- PEB 4 (6.4)

- PE 1 (1.6)

Chemotherapy mobilization cycles

- Median (range) 1 (1–3)

Carboplatin etoposide (HDCT) received

- 0 cycle 6 (9.6)

(Continued)

TABLE 1 | Continued

Characteristic Number of patients

(%) n = 62

- 1 cycle 4 (6.5)

- 2 cycles 4 (6.5)

- 3 cycles 48 (77.4)

PEI, cisplatin, etoposide, and ifosfamide; PEB, cisplatin, etoposide, and bleomicin;

TIP, paclitaxel, ifosfamide, and cisplatin; PE, cisplatin and etoposide; HDCT, high-dose

chemotherapy; LDH, lactate dehydrogenase; ULN, upper limit of normal; hCG, human

chorionic gonadotropin; AFP, alpha-fetoprotein; IPFSG, International Prognostic Factors

Study Group.

significant. All statistical tests were two-sided. The OS was
defined as the period from the date of the beginning of HDCT
to the date of death for any causes (extrapolated from death
certificates or medical record) or to the date of the last follow-up.
The PFS was calculated from the date of the beginning of HDCT
to the date of radiological or tumor marker progression or last
tumor evaluation.

RESULTS

Sixty-two patients received HDCT with PBPC infusion and were
eligible to be included in this retrospective analysis. Sixty patients
(96.8%) were male, 51 (82.3%) with non-seminomatous and nine
(14.5%) with seminoma GCT. The remaining two patients were
female with a diagnosis of ovarian dysgerminoma. The majority
of patients (n= 38, 61.3%) receivedHDCT in second-line setting,
while 20 (32.3%) were in third-line setting and four (6.4%)
patients were beyond third-line setting. Twenty-five patients
(40.3%) and 13 (21%) were classified as IPFSG high and very
high risk, respectively. Seventeen patients (27.4%) were classified
as intermediate IPFSG risk, six patients (9.7%) were classified as
low IPFSG risk, and one patient (1.6%) was classified as very low
IPFSG risk (Table 1).

The median follow-up was 68 months (range, 4–110
months). Every patient underwent a mobilization schedule with
chemotherapy and G-CSF. The patients underwent in median 1
cycle (range, 1–3) of the mobilization chemotherapy as necessary
to achieve an adequate number of peripheral blood stem cells.
The cutoff value derived from ROC curves analysis was 3.3 (AUC
67.7%, 95% CI 52.8–82.6) for NLR, 170 (AUC 54.1%, 95% CI
38.5–69.7) for PLR, and 844,000 (AUC 65.1%, 95% CI 50.2–79.9)
for SII. We stratified the patients into high (≥3.3) and low (<3.3)
NLR, high (≥170) and low (<170) PLR, and high (≥844,000) and
low SII (<844,000) groups. Response evaluation was available
in all patients. Six patients (9.7%) did not perform any HDCT
cycles of carboplatin and etoposide because of progressive disease
during mobilization chemotherapy and died after few months.
Eight patients performed only one (n = 4, 6.5%) or two (n = 4,
6.5%) cycles of HDCT due to disease progression (n = 5, 8%)
and toxicity (n = 3, 4.8%), two of them obtained SD and one
had CR. The remaining 48 (77.4%) underwent three cycles of
HDCT with PBPC. Twenty-six patients achieved CR (11 cCR,
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TABLE 2 | Correlation analysis between inflammation markers, prognostic IPFSG

score, and previous lines of treatment with overall response.

Overall response p

CR, PRm- PRm+, SD PD

N (%) N (%) N (%)

NLR

<3.3 23 (76.7) 5 (16.7) 2 (6.6)

≥3.3 14 (43.7) 7 (21.9) 11 (34.4) 0.003

PLR

<170 22 (75.9) 5 (17.2) 2 (6.9)

≥170 15 (45.5) 7 (21.2) 11 (33.3) 0.006

SII

<844,000 26 (78.8) 6 (18.2) 1 (3.0)

≥844,000 11 (37.9) 6 (20.7) 12 (41.4) 0.0001

Previous lines of treatment

2 27 (71.1) 7 (18.4) 4 (10.5)

≥3 10 (41.7) 5 (20.8) 9 (37.5) 0.008

Prognostic IPFSG score

Low + intermediate risk 19 (79.2) 4 (16.7) 1 (4.1)

High risk 18 (47.4) 8 (21.0) 12 (31.6) 0.005

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic

immune-inflammation index; IPFSG, International Prognostic Factor Study Group; CR,

complete response; PRm–, markers negative partial response; PRm+, markers positive

partial response; SD, stable disease; PD, progressive disease.

10 pCR, and five sCR), and they are still alive to date. RPm–
was achieved in 10 patients, RPm+ in seven patients, SD in
three patients, and PD in two patients. Eighteen patients who
underwent three cycles of carboplatin and etoposide died during
follow up. NLR (p = 0.003), PLR (p = 0.006) as well as SII
(p = 0.0001) were associated with overall response to HDCT
(Table 2). Low NLR, PLR, and SII correlate with CR/PRm-. On
the contrary, higher values of NLR, PLR and SII, are associated
with PD. In addition, patients with very low/low/intermediate
IPFSG risk as well as patients performing HDCT in second line
have reported a significantly higher rate of CR/PRm- compared
to high/very high risk (p = 0.005) and to patients receiving
HDCT in third line or beyond third line (p= 0.008), respectively
(Table 2).

The univariate Cox regression analysis has reported a
significantly shorter PFS in patients with high NLR [hazard ratio
(HR) 3.35 (95% CI 1.59–7.06); p = 0.001] and high SII [HR
2.84 (95% CI 1.41–5.70); p = 0.003] compared to patients with
lower NLR and SII, respectively (Table 3). High NLR [HR 3.62
(95% CI 1.59–8.23); p = 0.002] and high SII [HR 2.87 (95%,
1.33–6.19); p = 0.0070 significantly correlate with shorter OS.
In the univariate analysis, PLR was not significantly associated
with OS and PFS (Table 3). Patients who received treatment
beyond second line had a significant reduction in PFS [HR 2.35
(95% CI 1.19–4.63); p = 0.014] and OS [HR 2.40 (95% CI
1.15–5.01); p = 0.019] compared to patients treated in second
line (Table 3). Then, we performed a multivariable analysis that
included inflammatory markers (NLR, PLR, and SII), IPFSG

risk group (very high/high vs. low/intermediate risk), age, and
previous line of treatment (second vs. third or beyond third line).
The multivariate analysis revealed that both NLR [HR 3.68 (95%
CI 1.66–8.19); p = 0.001] and SII [HR 3.02 (95% CI 1.47–6.2);
p = 0.003] remained independent predictors of PFS (Table 4).
In multivariate analysis for OS, lower NLR [HR 4.49 (95% CI
1.86–10.82); p = 0.0008] and SII [HR 3.00 (95% CI 1.34–6.69);
p = 0.007] correlate with longer OS (Table 4). In multivariate
analysis, PLR was not a prognostic independent factor for OS
[HR 1.51 (95% CI 0.68–3.37); p= 0.31] (Table 4).

DISCUSSION

Relapsed or refractory GCT patients represent a heterogeneous
group of patients. In order to stratify this population, Lorch
et al. (10) developed the IPFSG prognostic score based on six
variables: primary site, first-line response, platinum-free interval,
presence of bone, liver, or brain metastasis, and tumor markers
(human chorionic gonadotropin and alpha-fetoprotein) level
at baseline of salvage chemotherapy. Giving a score point to
each category, the system is able to divide the patients into
five prognostic groups: very low, low, intermediate, high, and
very high. Two-year PFS changed from 75.1% in very low
risk patients to 5.6% in very high-risk patients; therefore, the
IPFSG prognostic score may help in clinical treatment decision.
However, the high complexity of this population as well as
the high treatment-related toxicity rates deserve the search for
additional prognostic factors.

In recent decades, several studies investigate the link between
inflammation and cancer: immune cells secrete cytokines and
chemokines that promote tumor growth, angiogenesis, and
metastasis development (18). Both neutrophils and platelets can
induce tumor cell trans-endothelial migration and metastasis
(19–21). On the contrary, lymphocytes can induce host immune
response to cancer cells by inhibiting tumor cell proliferation and
inducing cytotoxic cell death (17, 22). Since the identification of
the relationship among inflammation cells, substances produced
by inflammation, and tumor growth and microenvironment, the
role of prognostic scores based on peripheral inflammation cells
has been evaluated in several tumors (11–15).

The association of blood-based systemic inflammatory
markers with the prognosis and the outcome of patients with
GCT has been investigated in recent years.

In the preoperative setting, NLR could be useful to predict
TNM staging in patients with testicular germ cell tumors (23).
Therefore, a previous study did not find a correlation between
NLR and cancer-specific survival and PFS in a small cohort
of patients with GCT (24). Other studies evaluated the more
recently developed marker SII and showed a worse prognosis of
high SII in patients with metastatic GCT who are undergoing
first-line chemotherapy (25, 26).

Based on the role of inflammation in tumor biology as well
as the results of previous studies, we evaluated the correlation of
inflammatory markers and the outcome of patients undergoing
salvage therapy with HDCT. HDCT is an effective strategy
in relapsed/refractory GCT, although it can be burdened with
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TABLE 3 | Univariate analysis of PFS and OS (median follow-up: 68 months, range: 4–110 months).

PFS OS

N,

patients

N,

events

Median PFS

(months) (95% CI)

p HR (95% CI) p N, events Median OS

(months) (95% CI)

p HR (95% CI) p

Overall 62 34 12.3 (5.7–nr) – – – 29 nr – – –

NLR

<3.3 30 10 nr 1.00 8 nr 1.00

≥3.3 32 24 5.9 (4.3–10.0) 0.0008 3.35 (1.59–7.06) 0.001 21 14.2 (8.8–43.5) 0.001 3.62 (1.59–8.23) 0.002

PLR

<170 29 13 nr 1.00 11 nr 1.00

≥170 33 21 6.1 (4.5–nr) 0.082 1.83 (0.92–3.67) 0.087 18 43.5 (10.0–nr) 0.225 1.58 (0.75–3.36) 0.229

SII

<844,000 33 13 nr 1.00 10 nr 1.00

≥844,000 29 21 5.2 (3.6–11.9) 0.002 2.84 (1.41–5.70) 0.003 19 14.2 (9.6–nr) 0.005 2.87 (1.33–6.19) 0.007

Previous lines of treatment

2 38 16 nr 1.00 14 nr 1.00

≥3 24 18 6.1 (4.1–11.9) 0.011 2.35 (1.19–4.63) 0.014 15 14.9 (8.8–nr) 0.016 2.40 (1.15–5.01) 0.019

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; nr, not reached; PFS, progression-free survival; OS, overall survival;

HR, hazard ratio; 95% CI, 95% confidence interval.

toxicity and consequently it should be performed in referring
institutions (27, 28).

To the best of our knowledge, this is the first study that
evaluates inflammation markers obtained from routine blood
tests as an independent predictor of HDCT outcome. The present
investigation reveals that SII and NLR can be predictors of PFS
and OS. Moreover, NLR, SII, and PRL correlate with overall
response to HDCT.

When we adjusted the analysis by IPFSG prognostic score
and line of treatment, SII and NLR remained as independent
predictors for OS and PFS, besides IPFSG prognostic score and
line of treatment.

Our results indicated a slight, albeit not significant, benefit in
PFS in those patients with a lower PLR value.

For the first time, our analysis suggests that inflammatory
markers have the ability to improve the prediction of clinical
outcome in the heterogeneous population of patients with
relapsed/refractory GCT.

Associating IPFSG prognostic score to inflammation markers
at baseline of HDCT may improve prognostic information
and might help physicians to make more personalized
treatment decisions.

Moreover, IPFSG prognostic score was not studied in patients
treated beyond the second line of treatment. In these patients, SII
and NLR can predict the oncological outcome.

The present study has some limitations related to the
retrospective nature of data collection and to the apparently
limited number of patients enrolled. Therefore, our analysis
should be considered as explorative and should induce a
multicenter harvest of a larger data in order to exactly determine
the prognostic role of inflammatorymarkers in combination with
the well-established IPFSG prognostic score.

In our analysis, blood-based systemic inflammatory markers
have been evaluated at baseline of HDCT without following

TABLE 4 | Multivariate analysis of PFS and OS (adjusted by age, previous lines of

treatment, and prognostic score).

PFS OS

HR (95% CI) p HR (95% CI) p

NLR (≥3.3 vs. <3.3) 3.68 (1.66–8.19) 0.001 4.49 (1.86–10.82) 0.0008

PLR (≥170 vs. <170) 2.18 (1.02–4.68) 0.045 1.51 (0.68–3.37) 0.314

SII (≥844,000 vs. <844,000) 3.02 (1.47–6.20) 0.003 3.00 (1.34–6.69) 0.007

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic

immune-inflammation index; PFS, progression-free survival; OS, overall survival; HR,

hazard ratio; 95% CI, 95% confidence interval.

their trend during treatment because of the presence of many
interfering factors during and after HDCT, mainly bone marrow
toxicity and stem cell reinfusion.

In conclusion, SII and NLR can improve prognostic
information in addition to IPFSG prognostic score for patients
with metastatic GCT who are undergoing salvage chemotherapy.
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