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Background: The red blood cell distribution width (RDW) level is a potential prognostic factor for solid tumours.
We aimed to investigate the predictive value of pre-neoadjuvant chemotherapy (pre-NAC) RDW, preoperative
RDW and the change in RDW on the pathological response and prognosis of patients with colorectal liver
metastasis (CRLM), which was helpful for treatment decision-making, surveillance and prognostication.

Methods: This retrospective study analyzed clinicopathologic data, treatments and outcomes of 150
CRLM patients treated with NAC followed by liver resection at our hospital. The primary outcomes were
progression-free survival (PFS) and overall survival (OS). The secondary outcome was postoperative major
complications. The RDW level was presented as the RDW-SD level and the RDW-CV level. The optimal
cut-off of RDW level was determined by X-tile analysis. The change in RDW was scored as 0 (decreased
pre-NAC RDW and decreased preoperative RDW), 2 (elevated pre-NAC RDW and elevated preoperative
RDW), or 1 (all other combinations). Multivariable logistic regression analysis was performed to determine
the relationships between the tumour characteristics and pathological response and the postoperative major
complications. A multivariate Cox proportional hazards model was used to evaluate the prognostic factors
associated with survival.

Results: The optimal cut-off values of the RDW-CV and RDW-SD levels for survival were 13.5% and
42.2 fl, respectively. The multivariate analysis showed that a preoperative RDW-CV >13.5% (OR =3.215,
95% CI: 1.299-7.958, P=0.012) significantly predicted a favorable pathological response. The multivariate
analysis revealed that a pre-NAC RDW-CV >13.5% (OR =2.462, 95% CI: 1.080-5.615, P=0.032)
significantly predicted postoperative major complications. In the multivariate analysis, an RDW-CV change
=2 (HR =0.487, 95% CI: 0.309-0.768, P=0.002) was a significant predictor of better PFS. The multivariate
analysis also revealed that an RDW-SD change =2 (HR =0.532, 95% CI: 0.332-0.854, P=0.009) were an
independent predictor of better OS.

Conclusions: This study revealed that pre-NAC RDW, preoperative RDW and RDW changes may be
reliable markers that could predict a pathological response and prognosis in CRLM patients receiving NAC

followed by liver resection.
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Introduction

Colorectal cancer ranks third in terms of incidence and
second in terms of mortality among all cancers worldwide (1).
More than 50% of patients diagnosed with colorectal
cancer are affected by metastatic disease, and the five-year
survival rate is approximately 13% (1,2). The liver is the
first and most common target organ for metastasis, which
is a significant cause of death (3). Liver resection remains
the most curative option for colorectal liver metastases
(CRLMs), with a 5-year survival rate of approximately
43.3% (4). Nevertheless, the recurrence rate is greater
than 70% after surgery (4), and over half of patients
develop recurrence within 2 years (5). In addition, major
postoperative complications, which have substantial adverse
effects on the quality of postoperative life of CRLM
patients, occur at a rate of approximately 17.0-19.9% (4,6).
Therefore, it is necessary to effectively predict the outcomes
of patients with CRLM in advance and to adjust prevention
or treatment strategies in this specific clinical scenario.

Neoadjuvant chemotherapy (NAC) is widely
administered in CRLM patients with a high risk of
recurrence to eliminate micrometastases and induce tumour
shrinkage (7). Accumulating evidence unequivocally
demonstrates that NAC can significantly prolong the
survival of CRLM patients who undergo liver resection (7-9).
Pathological response is an important factor in the evaluation
of chemotherapy efficacy and the prediction of outcomes
in patients treated with NAC followed by liver resection
(10,11). A favorable pathological response, which has been
recognized as a predictor of improved postoperative survival,
was observed in 45-57% of these patients (12,13). Therefore,
it is essential to identify more reliable indicators to predict
the pathological outcomes of CRLM patients receiving
NAC, with the intention of selecting more suitable patients
for NAC and liver resection.

Many studies have investigated the predictive value of
pre-operative testing markers in CRLM patients. Studies
have indicated that inflammation plays an indispensable
role in the development, invasion, and metastasis of
colorectal cancer (14,15). Pre-operative inflammatory
biomarkers, the neutrophil-to-lymphocyte ratio, the
platelet-to-lymphocyte ratio, and the C-reactive protein-
to-lymphocyte ratio, among others, have been shown to
present a strong correlation with the prognosis of patients
with CRLM (16,17). In addition, the elevated pre-operative
GGT and D-dimer were associated with post-operative
major complications and worse survival (4). Red blood cell
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distribution width (RDW) is a direct reflection of the red
blood cell size distribution. An increased RDW mirrors a
disorder of red blood cell homeostasis ascribed to various
potential abnormal metabolic processes (18). RDW is not
only a diagnostic parameter for distinguishing different
types of anemia but also an important inflammatory
biomarker in various diseases (19,20). Some studies have
revealed that RDW was a potential prognostic factor
for diverse hematological malignancies (21) and solid
tumours, including liver (22), esophageal (23) and colorectal
tumours (24). However, previous studies focused only on
the predictive value of the preoperative RDW level on
prognosis and did not investigate the effect of the pre-
neoadjuvant chemotherapy (pre-NAC) RDW level or the
fluctuation in the RDW level during chemotherapy. In
addition, there is no study focusing on the predictive value
of RDW level in CRLM patients. Pre-NAC testing markers
and the fluctuation in testing markers during NAC have a
potentially predictive value for pathological response and
survival in CRLM patients (6,11,12). Consequently, we
sought to comprehensively determine the value of RDW
in CRLM patients by evaluating the predictive value of the
pre-neoadjuvant chemotherapy (pre-NAC) RDW level,
the preoperative RDW level and the fluctuation between
the pre-NAC RDW level and the preoperative RDW level.
The aim was to determine whether the RDW level could
be used to predict a pathological response as well as the
outcomes of CRLM patients. We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/apm-21-934).

Methods
Patients

This is a retrospective study based on the CRLM database.
This study was approved by the Institutional Review Board
of the Cancer Institute & Hospital, Chinese Academy of
Medical Sciences (ID: NCC2019C-016). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The informed consent has been
obtained from patients. Clinicopathologic data, treatments
and outcomes of CRLM patients treated with NAC
followed by liver resection at our hospital between January
2010 and December 2017 were reviewed. The inclusion
criteria were as follows: (I) pathologically proven colorectal
adenocarcinoma liver metastases; (II) resection of primary
colorectal cancer; and (IIT) administration of NAC followed
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by liver resection for curative intent. The exclusion criteria
were as follows: (I) diagnosis of other malignancies; (II) lack
of follow-up and clinical data; and (III) presentation with pre-
treatment comorbidities known to be associated with a change
in the RDW level (e.g., anaemia, cardiovascular diseases). One
hundred fifty patients were included in our study.

RDW level

The RDW level was presented as the RDW-SD level and
the RDW-CV level. Pre-NAC and preoperative serum
RDW-CV levels (normal range, 11.6-14.6%) and RDW-
SD levels (normal range, 37.0-51.0 fl) were measured
simultaneously within 1 week prior to NAC or surgery.
According to the change between the pre-NAC RDW level
and the preoperative RDW level, the RDW change was
scored as 0 (both pre-NAC and preoperative RDW level <
cut-off), 1 (pre-NAC RDW level < cut-off and preoperative
RDW level > cut-off; pre-NAC RDW level > cut-off and
preoperative RDW level < cut-off) or 2 (both pre-NAC and
preoperative RDW level > cut-off).

Treatment

The NAC regimens primarily consisted of a combination
of 5-fluorouracil/capecitabine and oxaliplatin/irinotecan
with or without targeted agents such as bevacizumab or
cetuximab. It was recommended that patients with initially
unresectable CRLM and those with multiple high-risk
recurrence factors receive NAC. The clinical response to
NAC was evaluated by CT/MRI scans and the Response
Evaluation Criteria in Solid Tumours (RECIST 1.1) (25).
The clinical responses were classified as complete response,
partial response, stable disease or progressive disease. A
favorable clinical response was defined as either complete
response or partial response. The pathological response to
NAC was evaluated according to the tumour regression grade
(TRG) after surgery (10). TRG included grades 1-5, and
TRG1-3 was defined as a favorable pathological response.
Within 4-6 weeks after NAC completion, the patients
underwent liver resection. Liver resection was defined as
major or minor liver resection. Resections of fewer than two
liver segments were regarded as minor liver resections.

Follow-up and outcomes

Patients were asked to undergo regular clinical
examinations: one month after surgery was the first follow-
up date; then, examinations were recommended every
3 months for the first 2 years, every 6 months for the
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next 3 years, and every year thereafter. CEA levels and
imaging examinations were used to detect any progression
or recurrence after surgery. The primary outcomes were
progression-free survival (PFS) and overall survival (OS). PFS
was defined as the date of resection to the date of progression
or the last follow-up. OS was defined as the date of resection
to the date of death or the last follow-up. The secondary
outcome was postoperative complications. Postoperative
complications were graded according to the Clavien-Dindo
system (I to V) (26) and included minor complications and
major complications. Postoperative complications of grade
III to V were defined as major complications.

Statistical analysis

Statistical analysis was performed using SPSS version 22
software (Armonk NY, USA) and R software (http://www.
r-project.org). Continuous variables were tested for normal
distribution, conforming to the normal distribution using t
test, and not conforming to the normal distribution using
Mann-Whitney U test. The chi-square test or Fisher’s exact
test was used to analyse categorical variables. The categorical
variables included age, sex, BMI, comorbidity, preoperative
testing markers, T stage, pathological response, etc. (Table 1),
the comparison was made in these groups. The optimal
cutoff values of RDW-SD and RDW-CV for survival were
determined by X-tile analysis. X-tile analysis dividled RDW
level into two populations: low and large. The associations of
all possible divisions with survival can be calculated by the log-
rank test. The optimal division of the data was selected by the
highest X* value. The PFS and OS curves were constructed
using the Kaplan-Meier method, and the differences between
two groups were calculated by the log-rank test. All factors
with P<0.10 in the univariate analysis were included in the
multivariate analysis. Multivariable logistic regression analysis
was performed to determine the relationships between tumour
characteristics and pathological response and the major
postoperative complications. A multivariate Cox proportional
hazards model was used to evaluate the prognostic factors
associated with survival. A forward likelihood ratio was
implemented in the multivariate analysis. A value of two-sided
P<0.05 indicated a statistically significant difference.

Results
Patient and tumour characteristics

Of the 150 patients included in this study, 103 were men
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Table 1 Patient and tumour characteristics

RDW-CV change =0,1, RDW-CV change =2,

Factor All patients, n=150 =112 (74.7%) N=38 (25.3%) P value
Age =60 years, n (%) 54 (36.0) 41 (36.6) 13 (34.2) 0.790
Male, n (%) 103 (68.7) 82 (73.2) 21 (565.3) 0.039
BMI =24 kg/m®, n (%) 82 (54.7) 61 (54.5) 21 (55.3) 0.932
Comorbidity, n (%) 69 (46.0) 58 (51.8) 11 (28.9) 0.015
Preoperative CEA =10 ng/mL, n (%) 64 (42.7) 49 (43.8) 15 (39.5) 0.645
Pre-NAC RDW-SD 242.20 fl, n (%) 55 (36.7) 28 (25.0) 27 (71.1) <0.001
Preoperative RDW-SD >42.20 fl, n (%) 136 (90.7) 98 (87.5) 38 (100.0) 0.022
RDW-SD change =2, n (%) 50 (33.3) 23 (20.5) 27 (71.1) <0.001
Pre-NAC RDW-CV =13.5%, n (%) 46 (30.7) 8(7.1) 38 (100.0) <0.001
Preoperative RDW-CV >13.5%, n (%) 108 (72.0) 70 (62.5) 38 (100.0) <0.001
Right hemicolon, n (%) 18 (12.0) 11 (9.9) 7 (18.4) 0.159
Poor differentiation, n (%) 44 (29.3) 35 (31.3) 9 (23.7) 0.376
T3-T4 stage, n (%) 126 (84.0) 91 (81.3) 35 (92.1) 0.115
Primary lymph node metastasis, n (%) 113 (75.3) 89 (79.5) 24 (63.2) 0.044
Synchronous metastasis, n (%) 135 (90.0) 100 (89.3) 35 (92.1) 0.617
Diameter of metastases =3 cm, n (%) 67 (44.7) 47 (42.0) 20 (52.6) 0.253
Multiple metastases, n (%) 105 (70.0) 79 (70.5) 26 (68.4) 0.806
Bilobar liver distribution, n (%) 73 (48.7) 56 (50.0) 17 (44.7) 0.575
Extrahepatic metastases, n (%) 17 (11.3) 12 (10.7) 5(13.2) 0.681
Heterochronous resection, n (%) 39 (26.0) 28 (25.0) 11 (28.9) 0.632
RO resection, n (%) 99 (66.0) 73 (65.2) 26 (68.4) 0.715
Maijor liver resection, n (%) 81 (54.0) 60 (53.6) 21 (55.3) 0.857
Concomitant RFA, n (%) 29 (19.3) 23 (20.5) 6 (15.8) 0.522
Operation time =339 min, n (%) 75 (50.0) 56 (50.0) 19 (50.0) 1.000
Blood loss =250 mL, n (%) 75 (50) 52 (46.4) 23 (60.5) 0.133
Intraoperative blood transfusion, n (%) 19 (17.0) 13 (34.2) 32 (21.3) 0.025
Major postoperative complications, n (%) 32 (21.3) 20(17.9) 12 (31.6) 0.074
Postoperative complications, n (%) 83 (55.3) 58 (51.8) 25 (65.8) 0.134
Oxaliplatin-based regimen, n (%) 101 (67.3) 74 (66.1) 27 (71.1) 0.572
NAC cycles =4, n (%) 110 (73.3) 85 (75.9) 25 (65.8) 0.224
Targeted therapy, n (%) 37 (33.0) 13 (34.2) 50 (33.3) 0.894
Postoperative chemotherapy, n (%) 85 (56.7) 56 (50.0) 29 (76.3) 0.005
Favourable clinical response, n (%) 56 (50.0) 19 (50.0) 75 (50.0) 1.000
Favourable pathological response, n (%) 64 (42.7) 44 (39.3) 20 (52.6) 0.151

CEA, carcinoembryonic antigen; NAC, pre-neoadjuvant chemotherapy; RDW, red blood cell distribution width.
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(68.3%) and 47 were women (31.7%), with a mean age of
55.7+10.1 years. A BMI >24 kg/m’ was observed in 54.7%
of the patients (82/150), and 46.0% of the patients (69/150)
had comorbidities. Most patients (90.0%) had synchronous
liver metastases. In all, 70.0% of the patients (105/150)
had more than one liver metastasis, with a median liver
metastasis number of 3.0 (IQR 1.0-4.0) and a median liver
metastasis diameter of 2.5 (IQR 1.7-4.0) cm. A bilobar
liver metastasis distribution was observed in 48.7% of the
patients (73/150). Poor differentiation was observed in
29.3% of the patients (44/150). A primary tumour stage of
T3-T4 was observed in 126 patients (84.0%). Major liver
resection was performed in 54.0% of the patients. The
median operation time, median blood loss during surgery
and percentage of patients who received an intraoperative
blood transfusion were 339.0 (IQR 258.8-406.0) min,
250.0 (IQR 100-500) mL and 17.0%, respectively. One
hundred and one patients (67.3%) received an oxaliplatin-
based regimen, and 37 patients (33.0%) received targeted
therapy. The median number of NAC cycles was 4, and 110
patients (73.3%) received more than 4 NAC cycles. Eighty-
five patients (56.7%) received postoperative chemotherapy.
A favorable pathological response was observed in 42.7% of
the patients (64/150) (Table I).

Characteristics of the pre-NAC RDW level and the
preoperative RDW level

The mean pre-NAC RDW-CV level and the mean
preoperative RDW-CV level were 13.9+3.5 and 15.1+2.4,
respectively (P<0.001). The mean pre-NAC RDW-SD level
and the preoperative RDW-SD level were 41.9£6.3 and
50.9+7.8, respectively (P<0.001). The optimal cut-offs of the
pre-NAC RDW-CV level and the pre-NAC RDW-SD level
for survival were 13.5% and 42.2 fl, respectively. A pre-NAC
RDW-CV >13.5% and a preoperative RDW-CV >13.5%
were observed in 46 patients (30.7%) and 108 patients
(72.0%), respectively. A pre-NAC RDW-SD >42.2 fl
and a preoperative RDW-SD >42.2 fl were observed in 55
patients (36.7%) and 136 patients (90.7%), respectively.
According to the change between the pre-NAC RDW
level and the preoperative RDW level, patients were then
categorized into the following groups: RDW-CV change
=0 (both a pre-NAC and preoperative RDW-CV <13.5%),
34 patients (22.7%); RDW-CV change =1 (a pre-NAC
RDW-CV <13.5% and a preoperative RDW-CV >13.5%,
a pre-NAC RDW-CV >13.5% and a preoperative RDW-
CV <13.5%), 78 patients (52.0%); RDW-CV change =2, 38
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patients (25.3%); RDW-SD change =0, 9 patients (6.0%);
RDW-SD change =1, 91 patients (60.7%); and RDW-
SD change =2, 50 patients (33.3%). An RDW-CV change
=2 was significantly associated with female sex (P=0.039),
non comorbidity (P=0.015), non primary lymph node
metastasis (P=0.044) and a small number of postoperative
chemotherapy cycles (P=0.005) (Table 1).

Predictive value of the pre-NAC RDW level and the
preoperative RDW level on the bistological response

The univariate analysis revealed that a pre-NAC RDW-
SD >42.20 1 (P=0.873), a preoperative RDW-SD >42.20 {l
(P=0.105), an RDW-SD change =2 (P=0.815), a pre-NAC
RDW-CV >13.5% (P=0.625) and an RDW-CV change
=2 (P=0.153) were not significantly associated with a
pathological response. A preoperative RDW-CV >13.5%
was significantly associated with a favorable pathological
response (OR =2.716, 95% CI: 1.239-5.951, P=0.013).
The univariate analysis also revealed that a primary tumour
site in the right hemicolon (P=0.011), a preoperative CEA
>10 ng/mL (P=0.036), targeted therapy (P<0.001) and
clinical response (P=0.001) were correlated with a favorable
histological response. The multivariate analysis showed that
a preoperative RDW-CV 213.5% (OR =3.215, 95% CI:
1.299-7.958, P=0.012) significantly predicted a favorable
pathological response, and a BMI >24 kg/m’ (OR =0.445,
95% CI: 0.208-0.953, P=0.037), primary tumour site in
the right hemicolon (OR =4.859, 95% CI: 1.389-16.997,
P=0.013), targeted therapy (OR =4.354, 95% CI: 1.944-
9.751, P<0.001) and clinical response (OR =2.522, 95% CI:
1.188-5.353, P=0.016) were independent predictors of a
histological response (1able 2).

Predictive value of the pre-NAC RDW level and
the preoperative RDW level on major postoperative
complications

In this study, 55.3% of patients (83/150) experienced
postoperative complications, including 32 major
complications and 51 minor complications (surgery-related
complications: 30/83, 36.1%; general complications: 37/83,
44.6%; and surgery-related and general complications:
16/83, 19.3%). The relationships between major
postoperative complications and clinicopathological features
are shown in 7able 3. The univariate analysis revealed that
a pre-NAC RDW-SD >42.20 fl (P=0.081), a preoperative
RDW-SD >42.20 fl (P=0.503), a preoperative RDW-CV

Ann Palliat Med 2021;10(9):9383-9397 | https://dx.doi.org/10.21037/apm-21-934



9388

Chen et al. Predictive value of RDW level in colorectal liver metastases

Table 2 Prognostic factors of pathological response in patients who received preoperative chemotherapy

Univariate analysis

Multivariate analysis

Factor
P OR (95% CI) P OR (95% CI)

Age =60 years 0.989 0.995 (0.507-1.953) - -

Male 0.985 1.007 (0.501-2.023) - -

BMI =24 kg/m® 0.099 0.577 (0.300-1.110) 0.037 0.445 (0.208-0.953)
Comorbidity 0.142 0.612 (0.317-1.180) - -
Preoperative CEA =10 ng/mL 0.036 0.488 (0.250-0.956) - -
Pre-NAC RDW-SD >42.20 fl 0.873 0.947 (0.483-1.854) - -
Preoperative RDW-SD >42.20 fl 0.105 2.982 (0.796-11.170) - -
RDW-SD change =2 0.815 1.085 (0.547-2.153) - -
Pre-NAC RDW-CV =13.5% 0.623 1.192 (0.592-2.398) - -
Preoperative RDW-CV >13.5% 0.013 2.716 (1.239-5.951) 0.012 3.215 (1.299-7.958)
RDW-CV change =2 0.153 1.717 (0.818-3.603) - -

Right hemicolon 0.011 4.129 (1.389-12.273) 0.013 4.859 (1.389-16.997)
Poor differentiation 0.016 0.389 (0.181-0.837) - -

T3-T4 stage 0.217 0.575 (0.239-1.385) - -

Primary lymph node metastasis 0.220 0.627 (0.297-1.323) - -
Synchronous metastasis 0.826 1.130 (0.381-3.353) - -
Diameter of metastases =3 cm 0.391 0.751 (0.390-1.444) - -

Multiple metastases 0.173 0.613 (0.303-1.239) - -

Bilobar liver distribution 0.299 0.709 (0.370-1.358) - -
Extrahepatic metastases 0.895 0.933 (0.335-2.602) - -
Oxaliplatin-based regimen 0.750 1.119 (0.560-2.237) - -

NAC cycles =4 0.980 1.009 (0.485-2.098) - -
Targeted therapy <0.001 3.778 (1.850-7.716) <0.001 4.354 (1.944-9.751)
Favourable clinical response 0.001 3.066 (1.562-6.019) 0.016 2.522 (1.188-5.353)

CEA, carcinoembryonic antigen; RDW, red blood cell distribution width; NAC, pre-neoadjuvant chemotherapy;

>13.5% (P=0.645) and an RDW-CV change =2 (P=0.078)
were not significantly associated with major postoperative
complications. In contrast, a pre-NAC RDW-CV >13.5%
(OR =2.476, 95% CI: 1.106-5.546, P=0.028) and an RDW-
SD change =2 (OR =2.471, 95% CI: 1.111-5.495, P=0.027)
were significantly associated with major postoperative
complications. The univariate analysis also revealed that an
intraoperative blood transfusion (P=0.046), operation time
>290 min (P=0.021) and blood loss >450 mL (P=0.028)
were significantly associated with major postoperative
complications. The multivariate analysis showed that a pre-
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NAC RDW-CV >13.5% (OR =2.462, 95% CI: 1.080-5.615,
P=0.032) significantly predicted major postoperative
complications and that an operation time >290 min (OR
=3.311, 95% CI: 1.175-9.330, P=0.023) was an independent
predictor of major postoperative complications.

Predictive value of the pre-NAC RDW level and the
preoperative RDW level on PFS and OS

At the time of analysis, 123 (82.0%) patients experienced
disease recurrence, and 86 (57.3%) died. The median PFS
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Table 3 Prognostic factors for major postoperative complications in CRLM patients

Univariate analysis

Multivariate analysis

Factor
P OR (95% Cl) P OR (95% Cl)

Age =60 years 0.842 1.086 (0.484-2.438) - -

Male 0.676 0.838 (0.366-1.918) - -

BMI =24 kg/m’ 0.075 0.486 (0.219-1.076) - -
Comorbidity 0.492 0.758 (0.343-1.673) - -
Preoperative CEA =10 ng/mL 0.287 0.642 (0.284-1.451) - -
Pre-NAC RDW-SD >42.20 fl 0.081 2.026 (0.917-4.472) - -
Preoperative RDW-SD >42.20 fl 0.503 1.698 (0.360-8.007) - -
RDW-SD change =2 0.027 2.471 (1.111-5.495) - -
Pre-NAC RDW-CV =13.5% 0.028 2.476 (1.106-5.546) 0.032 2.462 (1.080-5.615)
Preoperative RDW-CV >13.5% 0.645 0.819 (0.350-1.916) - -
RDW-CV change =2 0.078 2.123 (0.919-4.906) - -
Right hemicolon 0.479 1.496 (0.491-4.560) - -
Synchronous metastasis 0.239 0.500 (0.158-1.584) - -
Diameter of metastases >3 cm 0.062 2.131 (0.962-4.722) - -
Multiple metastases 0.488 1.370 (0.563-3.336) - -
Bilobar liver distribution 0.570 1.255 (0.574-2.745) - -
Extrahepatic metastases 0.815 1.154 (0.349-3.814) - -
Heterochronous resection 0.757 1.148 (0.479-2.753) - -
Maijor liver resection 0.063 2.200 (0.959-5.046) - -
Concomitant RFA 0.682 1.222 (0.469-3.183) - -
Intraoperative blood transfusion 0.046 2.420 (1.015-5.768) - -
Operation time =290 min 0.021 3.329 (1.196-9.268) 0.023 3.311 (1.175-9.330)
Blood loss =450 mL 0.028 2.545 (1.107-5.850) - -
Oxaliplatin-based regimen 0.135 0.542 (0.243-1.210) - -

NAC cycles >4 0.118 2.277 (0.811-6.396) - -
Targeted therapy 0.573 1.263 (0.560-2.849) - -

CRLM, colorectal liver metastases; CEA, carcinoembryonic antigen; RDW, red blood cell distribution width; NAC, pre-neoadjuvant

chemotherapy.

was 7.2 months (95% CI: 7.1-9.5), and the median OS
was 36.8 months (95% CI: 36.0-42.3). The 1- and 3-year
PFES rates were 32.0% and 17.4%, respectively. The 1-,
3- and 5-year OS rates were 92.7%, 52.5% and 35.8%,
respectively.

The median PFS was 10.0 months (95% CI: 4.9-
15.1) in patients with a pre-NAC RDW-CV >13.5 and
6.5 months (95% CI: 4.1-8.9) in those with a pre-NAC

© Annals of Palliative Medicine. All rights reserved.

RDW-CV <13.5 (P=0.006) (Figure 1A). The median PFS
was 9.5 months (95% CI: 7.5-11.5) in patients with a
preoperative RDW-CV >13.5% and 4.4 months (95% CI:
3.3-5.5) in those with a preoperative RDW-CV <13.5%
(P=0.003) (Figure 1B). The median PFS was 14.0 months
(95% CI: 5.4-22.6) in patients with an RDW-CV change =2
and 5.7 months (95% CI: 3.9-7.5) in those with an RDW-
CV change =0 or 1 (P<0.001) (Figure 1C). The median
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Figure 1 PFS analysis. (A) Pre-NAC RDW-CV >13.5% vs. pre-NAC RDW-CV <13.5%; (B) preoperative RDW-CV >13.5% ws.
preoperative RDW-CV <13.5%; (C) RDW-CV change =2 vs. RDW-CV change =0 or 1; (D) pre-NAC RDW-SD >42.2 fl vs. pre-NAC
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PFS was 10.1 months (95% CI: 6.2-14.0) in patients with
a pre-NAC RDW-SD >42.2 fl and 6.5 months (95% CI:
4.4-8.6) in those with a pre-NAC RDW-SD <42.2 f]
(P=0.010) (Figure 1D). The median PFS was 7.7 months
(95% CI: 5.4-10.0) in patients with a preoperative RDW-
SD >42.2 fl and 5.1 months (95% CI: 1.8-8.4) in those with
a preoperative RDW-SD <42.2 fl (P=0.299) (Figure 1E).
The median PFS was 10.4 months (95% CI: 6.1-14.6) in
patients with an RDW-SD change=2 and 6.0 months (95%
CI: 4.0-8.0) in those with an RDW-SD change =0 or 1
(P=0.007) (Figure 1F).

The univariate analysis revealed that a pre-NAC RDW-
SD >42.20 1 (HR =0.606, 95% CI: 0.414-0.886, P=0.010),
an RDW-SD change =2 (HR =0.585, 95% CI: 0.396-0.866,
P=0.007), a pre-NAC RDW-CV >13.5% (HR =0.568,

© Annals of Palliative Medicine. All rights reserved.

95% CI: 0.379-0.853, P=0.006), a preoperative RDW-CV
>13.5% (HR =0.558, 95% CI: 0.380-0.819, P=0.003) and
an RDW-CV change =2 (HR =0.441, 95% CI: 0.281-0.692,
P<0.001) were significantly associated with PFS. According
to the multivariate analysis, an RDW-CV change =2 (HR
=0.487, 95% CI: 0.309-0.768, P=0.002), primary lymph
node metastasis (HR =2.057, 95% CI: 1.265-3.345,
P=0.004), and RO resection (HR =0.479, 95% CI: 0.328-
0.699, P<0.001) remained significant for PFS (7able 4).

The median OS was 41.0 months (95% CI: 29.2-42.8)
in patients with a pre-NAC RDW-CV >13.5% and
36.0 months (95% CI: 29.2-42.8) in those with a pre-NAC
RDW-CV <13.5% (P=0.436) (Figure 24). The median
OS was 40.3 months (95% CI: 32.6-48.0) in patients
with a preoperative RDW-CV >13.5% and 36.0 months
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Table 4 Prognostic factors for PFS in CRLM patients after liver resection
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Univariate analysis

Multivariate analysis

Factor
P HR (95% Cl) P HR (95% Cl)

Age =60 years 0.162 0.764 (0.523-1.114) - -

Male 0.942 0.986 (0.672-1.445) - -

BMI =24 kg/m’ 0.562 1.111 (0.779-1.584) - -
Comorbidity 0.713 0.935 (0.655-1.335) - -
Preoperative CEA =10 ng/mL 0.274 1.221 (0.853-1.748) - -
Pre-NAC RDW-SD >42.20 fl 0.010 0.606 (0.414-0.886) - -
Preoperative RDW-SD >42.20 fl 0.299 0.736 (0.414-1.311) - -
RDW-SD change =2 0.007 0.585 (0.396-0.866) - -
Pre-NAC RDW-CV =13.5% 0.006 0.568 (0.379-0.853) - -
Preoperative RDW-CV >13.5% 0.003 0.558 (0.380-0.819) - -
RDW-CV change =2 0.000 0.441 (0.281-0.692) 0.002 0.487 (0.309-0.768)
Right hemicolon 0.135 0.623 (0.335-1.158) - -

Poor differentiation 0.286 1.229 (0.840-1.799) - -
T3-T4 stage 0.126 1.510 (0.891-2.557) - -
Primary lymph node metastasis <0.001 2.494 (1.551-4.011) 0.004 2.057 (1.265-3.345)
Synchronous metastasis 0.862 1.054 (0.581-1.913) - -
Diameter of metastases =3 cm 0.788 1.051 (0.733-1.506) - -
Multiple metastases 0.001 2.013 (1.328-3.050) - -
Bilobar liver distribution 0.005 1.665 (1.166-2.377) - -
Extrahepatic metastases 0.857 1.051 (0.612-1.805) - -
Heterochronous resection 0.335 1.218 (0.816-1.816) - -

RO resection <0.001 0.434 (0.299-0.629) <0.001 0.479 (0.328-0.699)
Major liver resection 0.005 1.681 (1.171-2.414) - -
Concomitant RFA 0.008 1.789 (1.168-2.740) - -
Operation time =339 min 0.175 1.278 (0.897-1.821) - -
Blood loss =250 mL 0.617 1.095 (0.768-1.560) - -
Intraoperative blood transfusion 0.405 1.200 (0.782-1.840) - -
Major postoperative complications 0.858 1.040 (0.675-1.604) - -
Oxaliplatin-based regimen 0.037 1.256 (1.014-1.557) - -

NAC cycles =4 0.039 1.554 (1.023-2.360) - -
Targeted therapy 0.080 1.390 (0.962-2.009) - -
Postoperative chemotherapy 0.143 0.766 (0.536-1.094) - -
Favourable clinical response 0.876 0.972 (0.682-1.386) - -
Favourable pathological response 0.014 0.633 (0.439-0.912) - -

PFS, progression-free survival; CRLM, colorectal liver metastases; CEA, carcinoembryonic antigen; RDW, red blood cell distribution width;

NAC, pre-neoadjuvant chemotherapy.
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SD, standard deviation.

(95% CI: 22.2-49.8) in those with a preoperative RDW-
CV <13.5% (P=0.358) (Figure 2B). The median OS was
42.3 months (95% CI not reached) in patients with an
RDW-CV change =2 and 36.0 months (95% CI: 30.0-42.0)
in those with an RDW-CV change =0 or 1 (P=0.090)
(Figure 2C). The median OS was 46.0 months (95% CI:
32.4-59.6) in patients with a pre-NAC RDW-SD >42.2 f]
and 34.6 months (95% CI: 30.5-38.7) in those with a pre-
NAC RDW-SD <42.2 fl (P=0.052) (Figure 2D). The median
OS was 36.8 months (95% CI: 29.6-43.9) in patients with
a preoperative RDW-SD >42.2 fl and 32.6 months (95%
CI: 14.9-50.3) in those with a preoperative RDW-SD
<42.2 fl (P=0.534) (Figure 2E). The median OS was
50.0 months (95% CI: 32.9-67.1) in patients with an
RDW-SD change =2 and 34.6 months (95% CI: 30.1-39.1)

© Annals of Palliative Medicine. All rights reserved.

in those with an RDW-SD change =0 or 1 (P=0.065)
(Figure 2F).

The univariate analysis also revealed that primary
lymph node metastasis (P<0.001), multiple liver metastases
(P=0.001), bilobar liver distribution (P=0.005), RO resection
(P<0.001), major liver resection (P=0.005), concomitant
radiofrequency ablation (RFA) (P=0.008), an oxaliplatin-
based regimen (P=0.037), >4 NAC cycles (P=0.039)
and pathological response (P=0.014) were significantly
associated with OS. The multivariate analysis revealed that
an RDW-SD change =2 (HR =0.532, 95% CI: 0.332-0.854,
P=0.009), primary lymph node metastasis (HR =2.024,
95% CI: 1.093-3.748, P=0.025) and RO resection (HR
=0.383, 95% CI: 0.246-0.597, P<0.001) were independent
predictors of OS (Table 5).
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Table 5 Prognostic factors for OS in CRLM patients after liver resection
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Univariate analysis

Multivariate analysis

Factor
P HR (95% Cl) P HR (95% Cl)

Age =60 years 0.170 0.724 (0.457-1.148) - -

Male 0.881 1.035 (0.656-1.633) - -

BMI =24 kg/m’ 0.194 1.329 (0.866-2.040) - -
Comorbidity 0.306 0.798 (0.519-1.228) - -
Preoperative CEA =10 ng/mL 0.431 1.186 (0.776-1.813) - -
Pre-NAC RDW-SD >42.20 fl 0.052 0.630 (0.396-1.005) - -
Preoperative RDW-SD >42.20 fl 0.534 0.811 (0.419-1.569) - -
RDW-SD change =2 0.065 0.634 (0.390-1.029) 0.009 0.532 (0.332-0.854)
Pre-NAC RDW-CV =13.5% 0.436 0.827 (0.513-1.334) - -
Preoperative RDW-CV =13.5% 0.358 0.806 (0.508-1.278) - -
RDW-CV change =2 0.090 0.624 (0.362-1.076) - -

Right hemicolon 0.918 1.037 (0.519-2.075) - -

Poor differentiation 0.119 1.428 (0.912-2.235) - -

T3-T4 stage 0.518 1.233 (0.654-2.323) - -

Primary lymph node metastasis 0.007 2.324 (1.261-4.281) 0.025 2.024 (1.093-3.748)
Synchronous metastasis 0.626 0.842 (0.421-1.682) - -
Diameter of metastases =3 cm 0.204 1.319 (0.861-2.020) - -

Multiple metastases 0.027 1.743 (1.064-2.855) - -

Bilobar liver distribution 0.070 1.482 (0.968-2.269) - -
Extrahepatic metastases 0.720 1.123 (0.596-2.117) - -
Heterochronous resection 0.053 1.562 (0.993-2.456) 0.028 1.678 (1.058-2.660)
RO resection <0.001 0.399 (0.259-0.616) <0.001 0.383 (0.246-0.597)
Maijor liver resection 0.034 1.598 (1.037-2.464) - -
Concomitant RFA 0.148 1.440 (0.879-2.359) - -
Operation time =339 min 0.827 1.049 (0.686-1.602) - -

Blood loss =250 mL 0.360 1.220 (0.797-1.867) - -
Intraoperative blood transfusion 0.111 1.494 (0.912-2.447) - -

Major postoperative complications 0.539 1.187 (0.687-2.049) - -
Oxaliplatin-based regimen 0.085 0.678 (0.436-1.055) - -

NAC cycles =4 0.163 1.449 (0.860-2.443) - -
Targeted therapy 0.614 1.121 (0.719-1.747) - -
Postoperative chemotherapy 0.052 0.656 (0.429-1.004) - -
Favourable clinical response 0.194 0.755 (0.493-1.154) - -
Favourable pathological response 0.092 0.687 (0.445-1.063) - -

OS, overall survival; CRLM, colorectal liver metastases; CEA, carcinoembryonic antigen; RDW, red blood cell distribution width; NAC, pre-

neoadjuvant chemotherapy.

© Annals of Palliative Medicine. All rights reserved.

Ann Palliat Med 2021;10(9):9383-9397 | https://dx.doi.org/10.21037/apm-21-934



9394 Chen et al. Predictive value of RDW level in colorectal liver metastases

Discussion

"This study revealed the predictive significance of the pre-NAC
RDW level, preoperative RDW level and RDW change on
the pathological response, major postoperative complications,
PFS and OS in CRLM patients receiving NAC followed
by liver resection: (I) a preoperative RDW-CV >13.5% was
significantly associated with a favorable pathological response;
(II) a pre-NAC RDW-CV >13.5% was significantly associated
with the occurrence of major postoperative complications;
(III) an RDW-CV change =2 was an independent predictor
of favorable PFS; and (IV) an RDW-SD change =2 was an
independent predictor of favorable OS.

The ability to apply markers with predictive ability
before patients receive treatment has significant clinical
utility since those markers can provide information about
the effectiveness of treatment and tumour aggressiveness.
The RDW level, which is an indicator of the degree of
erythrocyte morphology imbalance in the blood, reflects
the heterogeneity in the erythrocyte volume (18) and is a
biomarker easily obtained from blood tests. This study first
identified the ability of elevated preoperative RDW-CV to
predict a favorable pathological response in CRLM patients
receiving NAC. An elevated preoperative RDW level is
more likely to be the result of a favorable pathological
response. Previous studies have revealed that chemotherapy
agents not only promote direct cytotoxicity but also elicit
immune-potentiating effects by promoting lymphocyte
infiltration, expressing a large number of inflammatory
factors (e.g., IL-6, TNF), disrupting tumour-induced
immunosuppressive networks and sensitizing tumour cells
to immune attacks (27,28). In addition, the activation of
inflammatory cells and inflammatory factors was found
to promote an increase in immature red blood cells and
a subsequent increase in RDW (29,30). Therefore, the
relationship between pathological response and the RDW
level can be predictable.

This study also revealed for the first time that a primary
tumour site in the right hemicolon was significantly
associated with a favorable pathological response. The
right hemicolon is commonly considered the most
immunoreactive section of the colorectum (31). Defective
mismatch repair also primarily occurs in the right colon,
where a strong local immune infiltration is seen in the
tumour microenvironment (32). Thus, a primary tumour
in the right colon with a favorable pathological response is
reasonable. In addition, a significant correlation between
the radiological response and the pathological response
was identified, consistent with a previous study (11). This

© Annals of Palliative Medicine. All rights reserved.

significant correlation may be attributed to the routine use
of MRI for therapeutic evaluations at our hospital. It has
also been revealed that the apparent diffusion coefficient
of MRI is the most precise parameter for predicting the
chemotherapy response in CRLM patients (33).

The occurrence of major postoperative complications
in CRLM patients often leads to unfavorable outcomes,
such as poor quality of life, extended recovery time, and
increased economic and physical stress. The effective
prediction of major postoperative complications will
facilitate the formulation of protective measures and
postoperative treatment plans. Some studies have shown
that various intraoperative factors, such as operation time,
blood transfusion and major liver resection, were associated
with the increased occurrence of major postoperative
complications (4,6). This study first revealed that the
pre-NAC RDW-CV level significantly predicted major
postoperative complications, which indicates that a long
interval from NAC to liver resection could be more helpful
in the adjustment of treatment plans. The reasons for this
relationship are related to the following two aspects: first,
the increase in RDW level is accompanied by an elevation
in reactive oxygen species and tissue hypoxia, and these
factors are associated with a high risk of postoperative
complications (34); second, the RDW level is associated
with the dysfunction of various organs (35,36). Patients
with elevated RDW levels are more likely to develop organ
dysfunction, which leads to postoperative complications.

Studies have revealed that the RDW level is an
independent predictor of postoperative survival in patients
with hepatocellular carcinoma (22), esophageal carcinoma (23)
and colorectal cancer (24). A previous study focused on the
impact of preoperative RDW levels on survival. This study
first revealed the prognostic value of the pre-NAC RDW
level, the preoperative RDW level and the RDW change
in CRLM patients receiving NAC, the results of which
demonstrated that an RDW change =2 was an independent
predictor of postoperative favorable survival in CRLM
patients, while the preoperative RDW level was not an
independent prognostic factor. These results emphasize the
importance of monitoring changes in RDW levels from
NAC to resection in CRLM patients. Another interesting
finding of this study was that the RDW-SD change was
an independent predictor of OS and that the RDW-CV
change was an independent predictor of PES. RDW values
are reflected in the RDW-CV levels and RDW-SD levels,
but the predictive values of these two forms are different.
The intrinsic mechanism needs to be further explored since
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the mechanisms of the relationship between the RDW level
and patient outcomes are unclear. First, elevated RDW
levels are closely related to an increase in cytokines, such
as interleukin 1 (IL)-1, TNE, and CRP (29,30). Activation
of the cytokines IL-1 and TNF leads to an increase in the
number of immature red blood cells, which results in an
increase in RDW levels (29,30). Cytokines, such as IL-1
and TNE, can promote M1 macrophage polarization in
the tumour immune microenvironment and then exert
anti-inflammatory and anti-tumour activities (37). Second,
tumour cell metabolism mainly relies on sugar enzymes
in the tumour microenvironment. The RDW level is
considered an important marker that affects tumour cell
glycolysis, and an elevated RDW level can lead to glycolysis
disturbances and the inhibition of tumour progression (38).

This study has several limitations. First, this study
included a limited number of patients from a single
institution. Second, the KRAS status of all patients was not
included because the cost of KRAS testing is high and not
covered by insurance in China. Third, the results of this
study may require further validation in other cohorts or in a
prospective study.

In conclusion, the pre-NAC RDW level, preoperative
RDW level and change in RDW level are reliable markers
that can be used to predict a pathological response and
prognosis in CRLM patients receiving NAC followed by
liver resection, which is helpful for treatment decision-
making, surveillance and prognostication.
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