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Objective: Accumulating studies report that levels of mean corpuscular volume (MCV) and 
red cell distribution width (RDW) are associated with outcomes in cancer patients, while 
studies including MCV and RDW in chordoma are lacking so far. Therefore, our study aims 
to investigate the prognostic impact of MCV and RDW on survival in skull base chordoma 
patients.
Methods: Levels of preoperative MCV and RDW in 187 primary skull base chordoma 
patients were collected. X-tile software was used to find the cutoff values of MCV and RDW. 
Progression-free survival (PFS) and overall survival (OS) analyses were performed using the 
Kaplan–Meier methods, Cox analysis, and nomogram model.
Results: Low MCV level (MCV <84.2) was more commonly observed in classical chor-
doma patients (p=0.022). High RDW level (RDW≥12.7) was correlated with older patient 
age (p=0.022) and a tough tumor texture (p=0.035). Low MCV level and high RDW level 
were associated with poor PFS (p=0.045 and 0.007, respectively) and OS (p=0.023 and 
<0.001, respectively). Multivariate Cox analysis demonstrated that RDW was an independent 
prognostic indicator for both PFS (p=0.001) and OS (p<0.001). Importantly, a nomogram 
based on RDW and clinical predictors showed satisfactory performance for PFS and OS 
prediction (concordance index, C-index: 0.684 and 0.744, respectively).
Conclusion: Our data was first to reveal the prognostic role of RDW in skull base 
chordoma, and identified the use of RDW may contribute to a more accurate prognosis 
judgment and personalized treatment decision.
Keywords: skull base chordoma, mean corpuscular volume, red cell distribution width, 
survival analysis, biomarker

Introduction
Skull base chordoma, which accounts for approximately 30% of all chordoma, is 
a slow-growing malignant neoplasm that is believed to originate from remnants of 
notochord, with an incidence of one per million per year.1,2 Maximal surgical 
resection and adjuvant radiotherapy are recommended for better local control and 
improvement of patient survival.3,4 Additionally, due to the resistance of chordoma 
to classical chemotherapy, several clinical trials of molecular targeted agents aiming 
to find novel therapeutic options were carried out during the past decade.5,6 

However, radical surgical resection remains a challenge for skull base chordoma 
due to the potential involvement of the internal carotid artery, cranial nerve, and 
brainstem.4 Moreover, chordoma cells are relatively resistant to radiotherapy. The 
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high local recurrent rate was observed in the clinical 
management of skull base chordoma and patients have 
a poor outcome.7 The exploitation of preoperative prog-
nostic markers may aid in the clinical choice of optimal 
treatment and improve patient long-term survival.

Accumulating evidence shows that cancer-related 
inflammation can participate in oncogenesis, tumor pro-
gression, and cancer metastasis.8,9 Accordingly, many 
blood-based inflammatory markers, such as neutrophil- 
lymphocyte ratio and platelet-lymphocyte ratio, 
C-reactive protein are further developed, and these indexes 
show promising prognostic values in various cancers.10−12 

Recently, the potential impact of mean corpuscular volume 
(MCV) and red blood distribution width (RDW) in cancers 
attracts much attention.

MCV, an index characterizing the mean volume of 
red blood cells, and RDW, a parameter showing the 
heterogeneity in the size of red blood cells, are easily 
available in the routine complete blood count, and they 
are used for differential diagnosis of anemia-related dis-
eases in clinical practice.13 Recent research suggested 
that the potential prognostic value of the aberrant level 
of MCV in cancer patients.14,15 Besides, several studies 
indicated that RDW was significantly elevated in various 
diseases, such as diabetes, chronic hepatitis, cardiovas-
cular disease, chronic obstructive pulmonary disease, and 
trauma.13,16,17 In addition, recent studies demonstrate 
that an increased level of RDW is observed in many 
types of cancers; moreover, high RDW can act as 
a useful marker of adverse outcomes in cancer patients, 
including chronic lymphocytic leukemia, esophageal 
cancer, hepatocellular carcinoma, and lung cancer.18,19

However, to our knowledge, the roles of MCV and 
RDW in skull base chordoma have not been explicitly 
elucidated. Some reports have suggested that chronic 
inflammation plays an important role in the progression 
of chordoma, and inflammatory cells release varieties of 
signaling molecules, which may affect the activity or 
synthesis of erythropoietin, thus impairing red blood cell 
maturation and causing immature red blood cells to enter 
the blood flow.20 At the same time, inflammation can also 
lower red blood cell survival, thus resulting in the mixing 
of red blood cell volumes in the peripheral circulation.21 

Our study aims to evaluate the levels of preoperative MCV 
and RDW in primary skull base chordoma patients, eval-
uate their associations with clinical features, and analyze 
their potential prognostic values.

Materials and Methods
Patients
Skull base chordoma patients undergoing surgery in 
Beijing Tiantan Hospital between January 2008 and 
September 2014 were evaluated for current retrospective 
research. Patients with newly diagnosed skull base chor-
doma by histopathology, no prior radiation therapy and/or 
chemotherapy and follow-up data were included. Patients 
were excluded if they belonged to any of the following 
criteria: 1) ambiguous histopathological diagnosis; 2) prior 
therapies such as radiation and chemotherapy; 3) unavail-
able clinicopathological information and/or complete 
blood count; 4) clinical evidence of infections or inflam-
matory diseases, other malignant tumors such as leukemia 
and liver cancer, hematological disorders; 5) blood trans-
fusion within 3 months; 6) no follow-up data. Finally, 187 
patients with primary skull base chordoma were enrolled, 
and this cohort has been detailed in our previous study.22

Data Collection
Medical records were regularly reviewed, and patient clin-
ical/pathological data including patient’s gender, age at 
diagnosis, tumor texture (defined as soft or others includ-
ing moderate and tough), tumor volume, the blood supply 
of tumor (considered as abundant or others including poor 
or moderate), tumor pathology, posterior cranial nerve 
involvement (yes, no), the involvement of brainstem 
(yes, no), Al-Mefty classification (defined as type I, II 
and III)23 and degree of resection (evaluated as total/non- 
total resection based on postoperative magnetic resonance 
imaging) were collated.24 In addition, preoperative com-
plete blood counts including hemoglobin (Hb, g/L), MCV 
(fl), and RDW (%) from every patient were collected.

Patients were periodically followed up at the interval of 
3 to 6 months via telephone or outpatient clinic for the first 
2 years after the operation, and following annual follow-up 
was performed. The last follow-up date was October 2019. 
Progression-free survival (PFS, the time from operation to 
first tumor recurrence) and overall survival (OS, the inter-
val from tumor resection to death) was then collected for 
survival analysis.

Statistical Analysis
IBM SPSS 19.0 software (Armonk, NY, USA) and 
R version 4.0.2 (R Foundation for Statistical Computing, 
Vienna, Austria) were used for statistical analysis. 
Quantitative data was listed as mean ± standard deviation 
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(SD) and was further analyzed using Student’s t-test or 
Mann–Whitney U-test. For categorical data, the chi-square 
test was applied. The Pearson correlation test was used to 
reveal the potential correlations between Hb and MCV or 
RDW. We used X-tile software 3.6.1 (Yale University, 
USA) to find the threshold values of MCV and RDW for 
survival analysis.25 Briefly, p values were acquired from 
the Log rank test between two groups separated by 
a certain point, and the optimal cutoff value of each 
index was then recognized as the value with the minimum 
p value. The Kaplan-Meier methods and Log rank tests 
were applied to find the differences of PFS and OS 
between groups. The multivariate Cox proportional regres-
sion hazard model was used to determine the indepen-
dence of variables with a p value of less than 0.10 in the 
univariate Cox analysis. The PFS and OS nomogram was 
developed based on independent prognostic factors, and 
the concordance index (C-index) and the receiver operat-
ing characteristic (ROC) curve were used to evaluate the 
predictive accuracy of the nomogram. Calibration curve 
and decision curve analysis were performed to explore the 
performance of the nomogram. A 2-sided p value less than 
0.05 was considered statistically significant.

Results
Clinical Characteristics
Overall, 187 skull base chordoma patients (98 males and 
89 females) with a mean age of 40.1 (SD, 15.3) years were 
included in current retrospective research.22 Of these 
patients, 126 (67.4%) patients had the classical pathologi-
cal type of chordoma, and the remaining 61 (32.6%) 
patients got chondroid chordoma, no dedifferentiated chor-
doma was observed.4 There were 57 (30.5%) patients with 
soft tumors and 130 (69.5%) patients who harbored mod-
erate or tough tumors. The mean tumor volume was 31.7 
(SD, 33.2) cm3. In terms of tumor blood supply, the 
abundant blood supply was observed in 109 (58.3%) 
patients, while 78 (41.7%) tumors got poor or moderate 
supply. According to Al-Mefty classification, type I, II, 
and III tumors were observed in 34, 89, and 64 patients, 
respectively. Other clinicopathological characteristics are 
reported in Table 1.

Description of MCV and RDW in Skull 
Base Chordoma Patients
As shown in Table 1, the mean (± SD) values of MCV and 
RDW were 88.9 (± 4.9) fl and 12.9 (± 1.0) %, respectively. 

For subsequent analysis, X-tile software identifying the 
optimal cutoff values of these indexes was performed 
(Figure S1). The optimal cutoff points were 84.2 for 
MCV, and 12.7 for RDW. Then, the levels of MCV and 
RDW were divided into high and low groups using cutoff 
values: 167 (89.3%) patients with MCV ≥84.2 while 20 
(10.7%) patients with MCV <84.2; 93 (49.7%) patients in 
the RDW <12.7 group and 94 (50.3%) patients in the 
RDW ≥12.7 group.

Association Between MCV, RDW, and 
Clinicopathologic Parameters
Low MCV level was more commonly observed in classi-
cal chordoma patients (p=0.022), and brainstem involve-
ment showed a tendency of lower MCV (p=0.076). High 
RDW level was correlated with older patient age 
(p=0.022) and a tough tumor texture (p=0.035). Also, we 
observed the level of Hb was higher in MCV≥84.2 group 
(p=0.018). By contrast, high RDW (RDW≥12.7) was asso-
ciated with a low level of Hb (p=0.003). Besides, in 
patients with MCV≥84.2, a lower RDW level was 
observed (p=0.001). No significant correlation was seen 
between MCV, RDW, and other parameters, including 
gender, Al-Mefty classification, posterior cranial nerve 
involvement, and blood supply (Table 1).

The correlations between Hb, MCV, and RDW were 
further analyzed. Pearson correlation analysis showed that 
a limited correlation between Hb and MCV (r = 0.227, 
p=0.002) and a weak negative correlation between Hb and 
RDW (r=−0.427, p<0.001). Moreover, a weak negative 
correlation between MCV and RDW was found (r= 
−0.364, p<0.001).

Association Between MCV, RDW, and 
Patient Outcome
The median follow-up time in this study was 74 months 
(mean, 72.4 months; range, 3–141 months), 129 (69.0%) 
patients got tumor recurrence and 72 (38.5%) patients died 
till the last of the follow-up. Kaplan–Meier analysis 
showed that patients with a low level of MCV (MCV 
<84.2) had a shorter PFS time than that of patients with 
MCV ≥84.2 (median PFS time, 15 months versus 36 
months; p=0.045) (Figure 1A). Moreover, the median OS 
time in the MCV ≥84.2 group was 125 months, which was 
longer than that of patients with MCV <84.2 (median OS 
time, 73 months, p=0.023) (Figure 1B). In contrast, 
a shorter PFS time of patients with RDW ≥12.7 was 
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detected compared to that of patients in the RDW <12.7 
group (median PFS time, 24 months versus 48 months; 
p=0.007) (Figure 1C), and the median OS time was also 
shorter in the RDW ≥12.7 group than that in the other 
group (median OS time, 96 months versus not reached; 
p<0.001) (Figure 1D).

Considering the prognostic value of MCV and RDW, we 
then performed a subgroup analysis based on tumor patho-
logical types. In classical chordoma, the median PFS time 
was shorter in patients with MCV <84.2, though the p value 
of the Log rank test was 0.095 (Figure 2A). No significant 
difference in PFS was observed in chondroid chordoma 

Table 1 Association Between MCV, RDW and Clinicopathological Features of Skull Base Chordoma Patients

Variables Total, N MCV (fl), N RDW (%), N

<84.2 
(N = 20)

≥84.2 
(N = 167)

P value <12.7 
(N = 93)

≥12.7 
(N = 94)

P value

Age, year 0.155 0.019*
Mean ± SD 40.1 ± 15.3 35.6 ±15.5 40.7 ± 15.2 37.5 ± 14.7 42.7 ± 15.4

Sex 0.820 0.123
Male 98 10 88 54 44

Female 89 10 79 39 50

Tumor volume, cm3 0.748 0.566

Mean ± SD 31.7 ± 33.2 36.9 ± 56.9 31.1 ± 29.4 30.9 ± 30.4 32.5 ± 35.9

Texture 0.136 0.035*

Soft 57 9 48 35 22

Tough/moderate 130 11 119 58 72

Blood supply 0.520 0.408

Abundant 109 13 96 57 52
Poor/ moderate 78 7 71 36 42

Pathology type 0.022* 0.253
Classical 126 18 108 59 67

Chondroid 61 2 59 34 27

Al-Mefty classification 0.291 0.695

Type I 34 6 28 19 15
Type II 89 7 85 44 45

Type III 64 7 57 30 34

Brainstem involvement 0.076 0.191

No 69 11 58 30 39

Yes 118 9 109 63 55

Posterior cranial nerve 

involvement

0.243 0.836

No 118 15 103 58 60

Yes 69 5 64 35 34

Hb (g/L) 0.018* 0.003*

Mean ± SD 143.1 ± 

16.0

130.5 ± 24.1 144.6 ± 14.1 146.6 ± 14.2 139.7 ± 16.9

MCV(fl) — 0.475

Mean ± SD 88.9 ± 4.9 — — 89.0 ± 3.5 88.8 ± 6.0

RDW (%) 0.001* —

Mean ± SD 12.9 ± 1.0 14.1 ± 2.1 12.7 ± 0.7 — —

Note: *Indicate p < 0.05. 
Abbreviations: SD, standard deviation; Hb, hemoglobin; MCV, mean corpuscular volume; RDW, red cell distribution width.
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patients with different MCV levels (median PFS time, 15 
months versus 60 months; p=0.959, Figure 2B). Similarly, 
there were no significant differences in OS time between 
different MCV groups in classical chordoma patients (med-
ian OS time, 73 months versus 125 months; p=0.150, 
Figure 2C) or chondroid chordoma patients (median OS 
time, 28 months versus not reached; p=0.246, Figure 2D), 
which may be explained by the few patients in groups (espe-
cially, only 2 chondroid chordoma patients in the MCV<84.2 
group). In terms of RDW, a high level of RDW was not 
associated with shorter PFS time in classical chordoma 
patients (median PFS time, 24 months versus 35 months; 
p=0.088, Figure 2E), while the difference in chondroid 
patients towards statistical significance (median PFS time, 
29 months versus 87 months; p=0.050, Figure 2F). In addi-
tion, a high level of RDW was significantly associated with 

poor OS in classical chordoma patients (median OS time, 70 
months versus 125 months; p=0.001, Figure 2G) rather than 
chondroid chordoma patients (median OS time were all not 
reached; p=0.242, Figure 2H).

Multivariate Cox analysis of PFS showed that patients’ age 
(hazard ratio (HR), 1.837; 95% confidence interval (CI), 
1.146–2.943; p=0.011), tumor blood supply (HR, 1.543; 95% 
CI, 1.038–2.294; p=0.032), Al-Mefty classification (HR, 
1.547; 95% CI, 1.055–2.268; p=0.026), extent of resection 
(HR, 2.623; 95% CI, 1.536–4.479; p<0.001) and RDW (HR, 
1.852; 95% CI, 1.268–2.703; p=0.001) were independent 
prognostic indicators, while MCV showed no significance 
(Table 2). In the univariate analysis of OS, MCV (p=0.026) 
and RDW (p<0.001) were associated with OS, and RDW (HR, 
2.757; 95% CI, 1.675–4.539; p<0.001) rather than MCV was 
further identified as an independent predictor for OS (Table 3).

Figure 1 Levels of MCV and RDW were correlated with the prognosis of chordoma patients. (A and B) Distribution of MCV, RDW, recurrent status, survival status in 187 
skull base chordoma patients. (C) Patients with lower MCV had shorter PFS and OS. (D) Patients with higher RDW had shorter PFS and OS. 
Abbreviations: MCV, mean corpuscular volume; RDW, red cell distribution width; PFS, progression-free survival; OS, overall survival.
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Establishment of the Nomogram for PFS 
and OS Prediction
We then developed the nomogram of PFS and OS includ-
ing the above corresponding independent factors 
(Figure 3). The RDW-based nomogram showed adequate 
predictive accuracy for PFS (C-index, 0.684; 95% CI, 
0.635–0.734) and OS (C-index, 0.744; 95% CI, 0.685– 
0.803). ROC curve analysis revealed that the nomogram 
showed more accuracy than the Al-mefty classification in 
predicting PFS (Figure 4A) and OS (Figure 4B). Besides, 

calibration curves indicated well credibility of the RDW- 
based nomogram (Figure 5A and B). In addition, decision 
curve analysis revealed that the nomogram had a higher 
net benefit after including RDW (Figure 5C and D), sug-
gesting the potential clinical value of the RDW-based 
nomogram.

Discussion
To our knowledge, our study is the first report analyzing 
the prognostic roles of MCV and RDW in skull base 

Figure 2 Kaplan–Meier curves of MCV or RDW in different pathological types of skull base chordoma patients. (A) PFS analysis of MCV in classical chordoma patients. (B) 
PFS analysis of MCV in chondroid chordoma patients. (C) OS analysis of MCV in classical chordoma patients. (D) OS analysis of MCV in chondroid chordoma patients. (E) 
PFS analysis of RDW in classical chordoma patients. (F) PFS analysis of RDW in chondroid chordoma patients. (G) OS analysis of RDW in classical chordoma patients. (H) 
OS analysis of RDW in chondroid chordoma patients. 
Abbreviations: MCV, mean corpuscular volume; RDW, red cell distribution width; PFS, progression-free survival; OS, overall survival.

Table 2 Univariate and Multivariate Cox Analysis for PFS in Skull Base Chordoma

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Age (>55 versus ≤55years) 1.564 1.022–2.394 0.040* 1.837 1.146–2.943 0.011*

Gender (female versus male) 1.075 0.760–1.518 0.684

Tumor volume (>20 versus ≤20cm3) 1.701 1.195–2.423 0.003* NA NA 0.786
Tumor texture (tough/moderate versus soft) 1.686 1.129–2.520 0.011* NA NA 0.071

Blood supply (abundant versus poor/moderate) 1.490 1.038–2.140 0.031* 1.543 1.038–2.294 0.032*

Pathology (classical versus chondroid) 1.601 1.087–2.358 0.017* NA NA 0.086
Al-Mefty classification (type III versus type I and II) 1.903 1.336–2.710 <0.001* 1.547 1.055–2.268 0.026*

Brainstem involvement (yes versus no) 1.220 0.850–1.750 0.281

Posterior cranial nerve involvement (yes versus no) 1.161 0.814–1.656 0.410
Extent of resection (non-total versus total resection) 2.794 1.690–4.618 <0.001* 2.623 1.536–4.479 <0.001*

Postoperative radiotherapy (yes versus no) 1.441 0.998–2.079 0.051 NA NA 0.084

Hb (<120 versus ≥120 g/L) 1.229 0.624–2.422 0.551
MCV (<84.2 versus ≥84.2 fl) 1.670 1.000–2.787 0.050 NA NA 0.103

RDW (≥12.7 versus <12.7%) 1.605 1.131–2.277 0.008 1.852 1.268–2.703 0.001*

Note: *Indicate p <0.05. 
Abbreviations: PFS, progression free survival; HR, hazard ratio; CI, confidence interval; NA, not acquired; Hb, hemoglobin; MCV, mean corpuscular volume; RDW, red cell 
distribution width.
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chordoma, and we also investigated their correlations with 
clinical features of chordoma patients. We found that the 
level of preoperative MCV was negatively correlated with 
the level of RDW, and low MCV level was associated with 
the classical type of chordoma, while RDW was positively 
associated with patient age and tough texture. Besides, 
a low level of MCV and a high level of RDW were 
correlated with poor patient survival, and a high RDW 
level could independently predict adverse PFS and OS. 
Moreover, the nomogram based on RDW and clinico-
pathological parameters had competent performance in 
survival prediction. Our results indicated the potential 
impact of RDW on tumor progression and survival of 
skull base chordoma patients, identifying RDW-based 
nomograms serve as a practical and promising tool for 

patient risk stratification and may contribute to persona-
lized decision-making.

The prognostic role of MCV seemed inconsistent in 
researches involving different cancer types. Nagai et al 
reported that in colorectal cancer patients, a low MCV 
level (MCV <80 fl) was associated with longer PFS 
time.14 Besides, one recent retrospective study showed 
the association between high MCV and poor prognosis in 
liver cancer.15 Moreover, several studies reported that 
MCV may relate to the risk of esophageal cancer, and an 
elevated MCV was observed in esophageal cancer patients 
and was identified as a potential risk factor of survival.26,27 

In contrast, Qu et al demonstrated that low MCV could 
independently predict poor OS in lung cancer patients.28 In 
the current study, we found a low level of MCV was 

Table 3 Univariate and Multivariate Cox Analysis for OS in Skull Base Chordoma

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Age (>55 versus ≤55years) 1.852 1.072–3.198 0.027* 1.945 1.117–3.387 0.019*

Gender (female versus male) 0.975 0.613–1.551 0.916
Tumor volume 

(>20 versus ≤20cm3)

1.697 1.056–2.728 0.029* NA NA 0.466

Tumor texture 
(tough/moderate versus soft)

1.612 0.935–2.780 0.086 NA NA 0.468

Blood supply (abundant versus poor/moderate) 1.912 1.149–3.182 0.013* 1.920 1.147–3.214 0.013*

Pathology (classical versus chondroid) 2.027 1.162–3.536 0.013* 1.825 1.044–3.185 0.035*
Al-Mefty classification (type III versus type I and II) 1.876 1.178–2.988 0.008* NA NA 0.064

Brainstem involvement (yes versus no) 1.013 0.630–1.629 0.956

Posterior cranial nerve involvement (yes versus no) 1.287 0.802–2.064 0.295
Extent of resection (non-total versus total resection) 3.390 1.552–7.405 0.002* 3.807 1.728–8.387 0.001*

Postoperative radiotherapy (yes versus no) 0.794 0.479–1.317 0.371

Hb (<120 versus ≥120 g/L) 1.118 0.450–2.776 0.810
MCV (<84.2 versus ≥84.2 fl) 1.980 1.085–3.613 0.026* NA NA 0.405

RDW (≥12.7 versus <12.7%) 2.404 1.473–3.924 <0.001* 2.757 1.675–4.539 <0.001*

Note: *Indicate p < 0.05. 
Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence interval; NA, not acquired; Hb, hemoglobin; MCV, mean corpuscular volume; RDW, red cell 
distribution width.

Figure 3 Development of nomogram based on independent prognostic variables for survival prediction. (A) PFS prediction. (B) OS prediction. 
Abbreviations: PFS, progression-free survival; OS, overall survival.
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correlated with shorter PFS and OS time in skull base 
chordoma, though it was not significant in the multivariate 
analysis. Detailed explanations of why MCV showed 
seemly opposite prognostic values in different cancer 
patients remain unclear. It is suggested that the low level 
of MCV may correlate with potential hypoferric anemia, 
and anemia was identified as a valuable risk factor for poor 
outcomes in various cancers.29 However, some studies 
showed that a high MCV level was correlated with the 
lack of folic acid or vitamin B12, which may be related to 
potential malnutrition in patients.26 Malnutrition has been 
demonstrated with tumor progression and as an unfavor-
able prognostic factor in cancers.30,31

RDW, a potential inflammation-associated biomarker, 
was identified as a promising independent risk factor for 
outcomes in many malignancies.18,32 Koma et al reported 
that high RDW was correlated with several inflammatory 
indexes, and it acted as an adverse prognostic indicator for 

outcome in lung cancer.33 In accordance with previous 
studies, our data showed that high preoperative RDW 
could independently predict poor PFS and OS in primary 
skull base chordoma patients. Mechanisms of how RDW 
correlates with patient outcomes gain extensive attention 
in recent studies. Some studies indicated that there was 
a potential association between RDW level and several 
inflammatory markers. The increased synthesis of these 
factors which are vital for the inflammatory response, 
including interleukin-6 and tumor necrosis factor α, 
could lead to inhibition of iron metabolism, reduced 
response to erythropoietin of red blood cells, and sequent 
reduction of mature erythrocytes.34 Besides, studies 
showed that tumor necrosis factor α and interleukin-6 
could promote tumorigenesis via participating in the 
growth of tumor cells and angiogenesis.35,36 In addition, 
relatively low levels of prealbumin and albumin, which 
were nutrition-associated indexes correlating with tumor 

Figure 4 ROC curve of the nomogram and Al-mefty classification for survival prediction. (A) 1-year and 3-year PFS. (B) 3-year and 5-year OS. 
Abbreviations: ROC, receiver operating characteristic; PFS, progression-free survival; OS, overall survival; AUC, area under the curve.
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progression in many cancers, were observed in patients 
with high RDW.37,38 Therefore, we hypothesized that the 
worse outcome in chordoma patients with high RDW may 
correlate with potential abnormal inflammatory response 
and malnutrition, and further studies revealing the associa-
tions between RDW and inflammatory markers or nutri-
tional indexes in skull base chordoma are needed.

The current study has some limitations. First, due to the 
retrospective nature and single-center feature, future large- 
scale prospective researches involving multiple centers is 
warranted to confirm the cutoff values and clinical role of 
MCV and RDW in chordoma patients. Also, the clinical 
impact and prognostic performance of factors such as pre-
operative hematocrit (HCT) and postoperative RDW were 
not explored in our cohort.39,40 Finally, possible mechanisms 
through which MCV or RDW affected the survival of skull 
base chordoma were not involved in the current study.

Conclusions
In summary, our data demonstrated that MCV and RDW 
were associated with clinicopathological features and out-
comes in skull base chordoma. Especially, RDW indepen-
dently predicted worse PFS and OS, and the RDW-based 
nomogram may be helpful to individual outcome predic-
tion in skull base chordoma patients.

Abbreviations
Hb, hemoglobin; MCV, mean corpuscular volume; RDW, 
red cell distribution width; PFS, progression-free survival; 
OS, overall survival; SD, standard deviation; C-index, 
concordance index; HR, hazard ratio; CI, confidence inter-
val; ROC, receiver operating characteristic.
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