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Objective: Distinguishing recurrence and pseudoprogression is a major challenge in the
clinical practice of treatment for high-grade gliomas (HGGs). The neutrophil-lymphocyte
ratio (NLR) has been reported to be closely related to survival in HGGs. We aimed to assess
the predictive value of NLR in the differential diagnosis of recurrence and pseudoprogression.
Materials and Methods: A total of 135 patients with histologically confirmed HGGs were
studied. All patients underwent focal radiotherapy and concomitant temozolomide (TMZ),
followed by 6 cycles of TMZ if MRI showed no progressive enlargement of contrast-
enhancing lesions. MRI evaluation was taken 4 weeks after concurrent chemoradiotherapy
and then every 2 months later. NLR was calculated at 4 time points of preoperation, before
concurrent RT-TMZ (pretreatment), 4 weeks following completion of RT-TMZ, and MRI
showed lesion enlarged or treatment completed.

Results: In 135 patients, 47 (34.8%) were found to be pseudoprogression (PsPD), and 28
(20.7%) were early disease progression (ePD). The mean pretreatment and post-treatment NLR
were 4.242.1 and 5.143.5, respectively. The median overall survival in the PsPD group
(25.2 months) was significantly longer than in the ePD (15.4 months) and no progression
group (nPD) (21.6 months) (p<0.001). Overall survival was significantly shorter in the baseline
NLR>4 cohort compared with NLR<4 (p=0.03), but no significant difference was found
between PsPD and ePD (p=0.197). Patients with decreased NLR showed significantly longer
survival than no decreased group (p<0.001), and decreased NLR was found to be a significant
difference between PsPD and ePD (p=0.022). Univariate and multivariate logistic regression
analyses suggested that decreased NLR was an independent prognosis factor (p=0.031).
Conclusion: Decreased NLR is an independent prognostic factor and is useful for distin-
guishing between recurrence and pseudoprogression in HGGs.

Keywords: neutrophil-lymphocyte ratio, high-grade gliomas, pseudoprogression, prognostic
factors

Introduction
High-grade gliomas (HGGs) are the most common primary brain malignancy, with an
incidence of 3.19 per 100 000." The standard first-line treatment is maximum safe
resection followed by radiotherapy with concomitant and adjuvant temozolomide
(TMZ).> However, even with a multimodality regimen, the median overall survival is
no more than 2 years, and the most common pattern of treatment failue is recurrence.’
Pseudoprogression, which is also called therapy-induced injury, is defined as an
early radiological increase in the size of contrast-enhancing lesions at magnetic

resonance imaging (MRI), and subsequent improvement will occur without any
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further treatment.* The incidence rate of pseudoprogres-
sion was 10-40% in GBM, and it occurs most frequently
during the first 3 months after radiation therapy.””’
Although many methods are recommended, including clin-
ical symptoms and brain functional imaging, to distinguish
between pseudoprogression and recurrence, it is still very
difficult to make a definite conclusion in clinical practice.®
It has been suggested that pseudoprogression has signifi-
cantly better survival than early progression,’ so exploring
some new methods to help diagnosis is very clinically
important.

In multiple solid cancers, an elevated neutrophil-lym-
phocyte ratio (NLR) has been thought to be related to
poorer survival.”'" In patients with GBM, an elevated
NLR>4 prior to surgery predicted poorer survival.'>'?
A combined analysis of NLR at baseline and dynamics
during treatment was found to be an independent predictor
of overall survival in newly diagnosed GBM.'*

Previous studies have reported the prognostic role of
preoperative NLR and NLR dynamics. In this study, we
aimed to analyze the value of preoperative NLR and NLR
dynamics in the differential diagnosis between recurrence
and pseudoprogression in HGGs.

Methods

Patients

A total of 135 patients undergoing tumor resection with
pathologically confirmed WHO grade III and IV gliomas
this study from July 2015 to
December 2017. All patients were initially treated without

were included in
a pre-existing history of gliomas and underwent total or
subtotal tumor resection. Patients were treated with post-
operative radiotherapy plus continuous daily TMZ (75 mg/
m2/d) followed by 6 cycles of maintenance TMZ (150 to
200 mg/m?2 for 5 days every 28 days). MRI was evaluated
4 weeks after concurrent chemoradiotherapy and then
every 2 months later.

The study methodologies conformed to the standards
set by the Declaration of Helsinki. Approval of the study
was obtained from the institutional review board of the
Zhongnan Hospital, Wuhan University. All patients who
were included in the database signed the informed consent
to review and use their medical records.

Imaging evaluation
Patients were considered to have nonprogressive disease
(nPD), and TMZ was continued if MRI presented stable

disease or had no evident lesion. Those whose MRI pre-
sented lesion growth were classified into two classes:
pseudoprogression (PsPD) or early disease progression
(ePD). If the subsequent multimodal MRI evaluations
(performed after the second or fifth cycle of adjuvant
TMZ) showed stable disease or improved, and finally
confirmed by multidisciplinary team (MDT) discussion
were classified as PsPD, otherwise they were defined as
ePD. Treatment was suspended after 6 cycles of TMZ, and
TMZ was suspended at anytime if the MRI image evi-
denced a new lesion outside the radiotherapy field.

Molecular status assessment
O6-methylguanine-DNA methyltransferase (MGMT) pro-
moter methylation was assessed by methylation-specific
PCR, and the isocitrate dehydrogenase 1 (IDH1) mutation
was determined by DNA sequencing.

NLR calculation

Each patient had complete blood counts obtained at preopera-
tive (baseline), before concurrent RT-TMZ (pretreatment),
4 weeks following completion of concurrent RT-TMZ and
the time of diognosis as ePD or treatment completely. The
NLR was calculated at each time point by dividing the
absolute neutrophil count by the absolute lymphocyte
count."” The value closest to the time of diognosis as ePD
or adjuvant TMZ treatment completely was used for the post-
treatment NLR value. The post-treatment NLR minus the
NLR at pretreatment is defined as the difference in the NLR
(ANLR). Decreased NLR was defined as an NLR decrease
more than the standard deviation of the pretreatment NLR,
and increased NLR was defined as an NLR increase greater
than the standard deviation. The other patients were consid-
ered to have a stable NLR.

Statistical analyses

Statistical significance was set at p<0.05. Survival was
investigated with the Kaplan-Meier method and log-rank
test. Comparisons between the clinicopathological factors
and PsPD and ePD were analyzed by Chi-square and
Fisher’s exact test. Cox proportional hazards modeling
was used to investigate survival hazards and binary
outcomes.

Results

Between July 2015 and December 2017, 135 patients with
newly diagnosed HGGs were treated with concurrent RT/
TMZ followed by 6 cycles of maintenance chemotherapy
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according to the above-described protocol. The median
follow-up of patients included in the analysis was
18 months (range, 5 to 42 months). The patients’ baseline
characteristics are presented in Table 1.

MRI evaluation

The first MRI evaluation was performed 1 month after
concurrent RT-TMZ, and lesion enlargement was recorded
in 63 patients (46.7%), while 72 patients were stable. After
the second MRI evaluation and MDT discussion, the find-
ings were ePD in 20 (31.7%) of 63 patients and PsPD in
43 (68.3%) of 63 patients. Finally, 47 (34.8%) of 135
patients were found to be PsPD, and 28 (20.7%) of 135

patients were found to be ePD after the third MRI evalua-
tion and MDT discussion (Figure 1). Among the 28 ¢PD
patients, 16 (57.1%) had taken reoperation and pathology
confirmed to be disease progression, and the other 12
patients received 2nd line chemotherapy and faced disease
progression in a short period of time.

NLR values

The mean pretreatment NLR was 4.2+2.1, and the mean
post-treatment NLR was 5.1+3.5. Of 135 patients, 47
patients were assigned to the increased group, 68 patients
were assigned to the decreased group, and the other 20
patients were assigned to the stable group. In 47 PsPD

Table | Association between clinicopathological variables of patients and PsPD and ePD

Factors All cases No (%) MRI enlarged p-value
PsPD ePD
Age years 0.781
=50 88 27 17
<50 47 20 I
Gender 0.347
Female 65 (48.1) 25 18
Male 70 (51.9) 22 10
WHO performance status 0.090
0 12 (8.9) 8 3
| 108 (80) 35 17
2 15 (11.1) 4 8
Extent of surgical resection 0.301
Subtotal resection 76 (56.3) 28 20
Total resection 59 (43.7) 19 8
MGMT promoter status <0.001
Methylated 50 (37) 38 5
Unmethylated 85 (63) 9 23
IDHI status 0.535
Wild 70 (51.9) 19 15
Mutant 28 (20.7) 10 5
Unkown 37 (27.4) 18
Baseline NLR 0.197
24 65 (48.1) 29 13
<4 70 (51.9) 18 15
NLR decreased 0.022
Decreased 68 (50.4) 28 9
No decreased 67 (49.6) 19 19
NLR increased 0.128
Increased 47 (34.8) 13 13
No increased 88 (65.2) 32 15
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Figure | MRI findings and outcomes of patients.

Abbreviations: MRI, magnetic; resonance imaging; HCGs, high-grade gliomas; TMZ, temozolomide; RT-TMZ, radiotherapy Concurrent TMZ chemotherapy; PD, disease
progression; PsPD, pseudoprogression; ePD, early disease progression; MDT, multidisciplinary team.

patients, 28 (59.6%) and 13 (27.7%) were found to be
NLR decreased and increased, respectively. Nine (32.1%)
and 13 (46.4%) in 28 ePD patients were found to be NLR
decreased and increased, respectively (Table 1).

Survival outcome

The median overall survival was 22.4 months. In the PsPD
group, the median overall survival was 25.2 months, which
was significantly longer than in the ePD (15.4 months) and
nPD groups (21.6 months) (p<0.001) (Figure 2). Overall
survival was significantly shorter in the NLR>4 cohort

100
o —=PsPD (n=47)
© 80 ——ePD (n=28)
§ ——nPD (n=60)
=S 60 -
3
2 401
o
g 20

0 P<0.001
0 10 20 30 40
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Figure 2 Overall survival for pseudoprogression, early disease progression and
neither pseudoprogression nor early disease progression.

Abbreviations: PsPD, pseudoprogression; ePD, early disease progression; nPD,
nonprogressive disease.

compared with NLR<4 (p=0.03) (Figure 3). Compared with
the no-increased group, the increased NLR group showed
a trend of decreasing overall survival, but there was no
statistically significant difference (p=0.06) (Figure 4).
Patients with decreased NLR showed significantly longer
survival than the no-decreased group (p<0.001) (Figure 5).

Statistical analysis

MGMT status (p<0.001) and decreased NLR (p=0.022)
were significantly different between PsPD and ePD. No
significant difference was found in age (p=0.781), gender

100 -
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2 80 —— Baseline NLR<=4 (N=70)
§ 60
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3
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o
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Figure 3 Overall survival for different baseline NLRs.
Abbreviation: NLR, neutrophil-lymphocyte ratio.
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Figure 4 Overall survival for increased and no increased NLR.
Abbreviation: NLR, neutrophil-lymphocyte ratio.
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Figure 5 Overall survival for decreased and no decreased NLR.
Abbreviation: NLR, neutrophil-lymphocyte ratio.

(»=0.347), WHO performance status (p=0.090), extent of
surgical resection (p=0.301), IDH status (p=0.535), baseline
NLR (p=0.197) and increased NLR (p=0.128). univariate
and multivariate logistic regression analyses were performed
to validate whether NLR dynamics were an independent
prognostic marker. We found that the extent of surgical
resection, MGMT promoter status and decreased NLR are
independent prognosis factors (Table 2).

Discussion

Although pseudoprogression is very common in the
treatment of high-grade gliomas, the exact mechanism
is still unclear. Tumour-cell and endothelial-cell injury
and bloodbrain barrier alteration caused by chemora-
diotherapy are thought to be the main process in this
event. Unlike disease progression, pseudoprogression is
mainly considered to be an adverse event of therapy.'®
However, even with the application of several modern
imaging techniques, such as MRI, MRS, DWI/PWI and
PET, correctly and timely distinguishing between pseu-
doprogression and disease progression is still very
difficult.®

Previous studies have reported that patients with PsPD
have longer OS than those with ePD, but whether the OS
of PsPD is longer than nPD remains controversial.”'® In
our study, consistent with Brandes et al, we found that
PsPD has significantly longer OS than both ePD and nPD.

It is very clear that the tumor-associated immune sys-
tem plays important roles in tumorigenesis and develop-
ment. Inflammatory factors, including neutrophils and
lymphocytes, have been reported to be closely related to
the prognosis and progression of glioblastoma.'’
Infiltration of immune cells is also suggested to be closely
linked with prognosis and IDH status in gliomas.'®
Previous data also show that tumours can disrupt normal
neutrophil homeostasis and increase the number of circu-
lating neutrophils by many pathways."”

The neutrophil-lymphocyte ratio (NLR) in peripheral
blood, a marker of systemic inflammatory responses, was
found to be significantly related to survival and disease
stage in many solid tumors.'®'*?°2? In non-small cell
lung cancer, elevated pre-treatment NLR is suggested to

Table 2 Univariate and multivariate logistic regression analyses for overall survival of high-grade glioma patients

Characteristic Univariate Multivariate
Odds ratio 95% CI p-value Odds ratio 95% ClI p-value
Age 1.012 0.980-1.045 0.475
Gender 0.855 0.566—-1.293 0.459
WHO performance status 1.312 0.808-2.130 0.272
Extent of surgery 0.508 0.331-0.778 0.002 0.604 0.380-0.962 0.034
MGMT promoter status 0.154 0.084-0.281 <0.001 0.160 0.085-0.302 <0.001
IDHI status 0.629 0.466—0.849 0.002 0.885 0.646—1.212 0.47
Baseline NLR 1.150 1.028-1.286 0.014 1.029 0.928-1.141 0.584
NLR decreased 0.474 0.306-0.733 0.001 0.481 0.247-0.934 0.031
NLR increased 1.584 1.064-2.357 0.023 0.678 0.366—1.254 0.215
Note: Univariate variables with P<0.2 were included in the multivariate model.
Abbreviations: IDHI, isocitrate dehydrogenase |; MGMT, O6-methylguanine-DNA methyltransferase; NLR, neutrophil-to-lymphocyte ratio.
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be associated with shorter OS and PFS, and it is an
independent predictive factor for patients treated with
nivolumab.'® After analyzing the relationship between
hematological markers and tumor grade, subtype, and
clinical outcome, Wang et al found that NLR was the
best single hematological marker for predicting tumor
grade and survival in patients with gliomas.?'

In the present study, our findings on outcome confirmed
previous studies that patients with preoperative NLR>4 have
significantly longer survival than those with NLR <4.'*%
However, no significant difference was found in the preopera-
tive NLR between PsPD and ePD. Recently, NLR dynamics
were also reported to be related to survival in several tumors.
Glazer et al found that increased NLR was associated with
worse survival in pancreatic ductal adenocarcinoma after
neoadjuvant therapy.'> Mason et al reported an association
between decreased NLR after chemoradiotherapy and longer
overall survival.'* We also analyzed the difference in NLR
dynamics between PsPD and ePD. Unlike baseline NLR,
a decreased NLR was not only significantly related to OS but
also significantly different between PsPD and ePD. However,
no significant difference in increased NLR was found between
PsPD and ePD. All these results indicated that decreased NLR
has more predictive value in the differential diagnosis of PsPD
and ePD than increased NLR. It should be noted that relative
neutropenia or lymphocytosis may lead to a decreased NLR,
neutropenia was one of the most common side effects caused
by chemoradiotherapy, and a decreased NLR may mainly
reflect the therapy-induced injury, which was consistent with
the definition of PsPD. This may be partly the reason why
patients with decreased NLR have better survival and were
more likely to be PsPD. It has been confirmed that circulating
neutrophil counts were elevated above the normal range in all
glioma patients and closely related to tumor grade.”* However,
in our study, patients with increased NLR had a trend of
inferior survival, but the difference between PsPD and ePD
patients did not achieve statistical significance, which may
indicate that an increased NLR had less predictive value than
decreased NLR and that more influencing factors related to
increased NLR should be considered in future research.

Recent studies suggest that mutations in IDH1 or IDH2
were associated with longer overall survival than wild-
type.”>2® IDH mutations were reported to be an indepen-
dent favorable prognostic marker in HGGs in multivariate
analysis.”” However, in our study, IDH mutation status was
unknown in 27.4% of patients, which may be the reason
why IDH status was not found to be an independent prog-
nostic factor by multivariate logistic regression analyses.

In conclusion, for the first time, we analyzed the predic-
tive value of preoperative NLR and NLR dynamics in the
differential diagnosis of PsPD and ePD. The results of our
study suggested that decreased NLR is an independent prog-
nostic factor and is useful for distinguishing between recur-
rence and pseudoprogression for HGGs.
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