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Background: Perioperative anemia and transfusion are intertwined with each
other, and both have adverse impacts on the survival of colorectal cancer (CRC)
patients. But the treatment of anemia still relies on transfusion in several
countries, which leads us to question the effects of anemia tolerance and
transfusion on the long-term outcomes of CRC patients. We investigated the
combined effect of preoperative anemia and postoperative anemia and of
preoperative anemia and blood transfusion, which imposes a greater risk to
survival, to compare the effects of anemia tolerance and transfusion on overall
survival (OS) and disease-free survival (DFS) in patients undergoing
CRC surgery.

Methods: A retrospective propensity-score-matched analysis included
patients with CRC undergoing elective surgery between January 1, 2008, and
December 31, 2014. After propensity-score matching, Kaplan—Meier survival
analysis and univariable and multivariable Cox proportional hazards models
were used to study the prognostic factors for survivals. In univariate and
multivariate Cox regression analysis, two novel models were built.

Results: Of the 8,121 patients with CRC, 1,975 (24.3%) and 6,146 (75.7%)
patients presented with and without preoperative anemia, respectively. After
matching, 1,690 patients remained in each group. In the preoperative anemia
and postoperative anemia model, preoperative anemia and postoperative
anemia was independent risk factor for OS (HR, 1.202; 95% CI, 1.043-1.385;

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.940428&domain=pdf&date_stamp=2022-08-15
mailto:15111230032@fudan.edu.cn
mailto:judy612542@163.com
mailto:hnlxh66@163.com
https://doi.org/10.3389/fonc.2022.940428
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.940428
https://www.frontiersin.org/journals/oncology

Weng et al.

10.3389/fonc.2022.940428

P=0.011) and DFS (HR, 1.210; 95% CI, 1.050-1.395; P=0.008). In the
preoperative anemia and transfusion model, preoperative anemia and
transfused was the most dangerous independent prognostic factor for OS
(HR, 1.791; 95% Cl, 1.339-2.397; P<0.001) and DFS (HR, 1.857; 95% ClI, 1.389—-
2.483; P<0.001). In patients with preoperative anemia, the OS and DFS of
patients with transfusion were worse than those of patients without transfusion
(P=0.026 in OS; P=0.037 in DFS).

Conclusions: Preoperative anemia and blood transfusion imposed a greater
risk to OS and DFS in patients undergoing CRC surgery, indicating that the harm
associated with blood transfusion was greater than that associated with
postoperative anemia. These findings should encourage clinicians to be
vigilant for the timely prevention and treatment of anemia, by appropriately
promoting toleration of anemia and restricting the use of blood transfusion in
patients with CRC.

KEYWORDS

preoperative anemia and postoperative anemia, preoperative anemia and transfusion,
long-term outcomes, colorectal cancer, propensity-score-matched analysis, anemia

tolerance and blood transfusion

Introduction

Among all the types of cancers, colorectal cancer (CRC) has
the third and second highest morbidity and mortality rates
worldwide, respectively (1, 2). Although CRC is the fifth
leading cause of cancer death among men and women in
China, the death rate from CRC has been on the rise during
the past few decades (3, 4). Currently, the most common
treatment for CRC is radical resection; although progress has
been made in diagnosis and treatment strategies, approximately
half of the patients relapse within 3 years post-operation
(5). Therefore, there is an urgent need to find prognostic
factors capable of predicting patient prognosis in CRC,
especially if it is possible to act on them and modify
them accordingly.

A considerable number of patients with colon or rectal
cancer suffer from anemia (38%-50% and 18%-50%,
respectively) (6, 7). The possibility that anemia can affect the
prognosis of cancer has aroused a widespread concern.
Preoperative anemia in patients with cancer is usually the
result of blood loss caused by advanced cancer progression or
myelosuppression (8). Accumulating evidence has revealed that
preoperative anemia is associated with worse outcomes in
patients undergoing CRC surgery (6, 9-11). Surgical resection
of tumors aggravates anemia (postoperative anemia), which is
markedly common but is typically neglected after surgery (12-
15). As pre- and postoperative anemia may be used as prognostic
factors in patients with CRC, it is reasonable to further
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investigate which of the two is most influential, and whether
their combined relationship could be informative for improving
the prediction of patients’ survival. However, this association has
not been confirmed in a clinical study. Perioperative anemia and
transfusion are always related; although anemia can be
traditionally treated with transfusion, it is not a desirable
treatment option. Indeed, transfusion may cause more harm
than benefits to patients (14-16), which leads us to question the
effects of anemia tolerance and transfusion on the long-term
outcomes of cancer patients.

Currently, anesthesiologists and surgeons are paying
increasing attention to both short- and long-term prognoses of
cancer patients (17, 18). Enhanced recovery after surgery also
focuses on perioperative anemia and its associated morbidity
and mortality (19, 20). Therefore, we conducted this
retrospective study to investigate the combined effect of
preoperative and postoperative anemia, and preoperative
anemia and blood transfusion, to determine which of these
factors impose a greater risk to overall survival (OS) and
disease-free survival (DFS) in patients undergoing colorectal
surgery and to investigate the effects of anemia tolerance and
transfusion on the long-term outcomes of CRC patients. Though
two other studies investigated the combined effect of
preoperative anemia and blood transfusion on complications
and 30-day death rate in patients undergoing colectomy (21, 22),
our study further evaluated the combined effect of preoperative
anemia and blood transfusion on the long-term outcomes
(longer median follow-up period) after CRC surgery. To the
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best of our knowledge, the association between anemia tolerance
and transfusion on the long-term outcomes of CRC patients has
not been reported. First, we built two novel models to evaluate
which of the two combined factors imposed a greater risk to OS
and DFS in patients undergoing CRC surgery. Second, we aimed
to guide physicians on treatment implementation and
modification for anemia in this subset of patients.

Materials and methods
Study design

This retrospective study was performed at Shanghai Cancer
Center, Fudan University, Shanghai, China and was approved by
the appropriate ethics committee (IRB2105235-6). Informed
consent was obtained from all subjects involved in the study.
This study was conducted according to the Declaration of
Helsinki and was consistent with the STROBE criteria.

Study population and data sources

Among individuals (n = 13,721) who underwent CRC
surgery at Shanghai Cancer Center from January 1, 2008, to
December 31, 2014, 8121 were enrolled in this study. The
inclusion criteria were as follows: histologically confirmed
CRC, elective radical surgery for CRC, and older than 20 years
of age. The exclusion criteria were as follows: incomplete data in
medical records, benign tumor/carcinoma in situ, emergency
operation and a previous history of cancer (Figure 1). Ultimately,
8,121 patients were included in this study. According to the
diagnostic criteria in China (23), anemia is defined as serum
hemoglobin (Hb) levels < 120 g/L for men or < 110 g/L for
women, which is different from the criteria indicated by the
World Health Organization criteria (24) (Hb < 130 g/L for men
or Hb < 120 g/L for women); importantly, this biological
reference interval is more suitable for Chinese individuals (25).
Patients were divided into either the preoperative anemia group
or not preoperative anemia group, according to their Hb levels
before surgery.

Variables and outcomes

The data were retrieved from Shanghai Cancer Center’s
electronic clinical information system. The patients’ baseline
characteristics included sex, age, American Society of
Anesthesiology (ASA) score, preoperative Hb concentrations,
preoperative hematocrit (HCT), preoperative adjuvant
chemotherapy, tumor histology, tumor differentiation, vascular
tumor thrombus, surgical margin positive, Pathologic Tumor
Node Metastasis/Union for International Cancer Control
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(pTNM/UICC) stage, infiltrating lymph nodes > 12, number
of cancer nodules > 1, and clinical conditions. Perioperative
outcomes included intraoperative blood transfusion,
intraoperative blood loss, postoperative Hb, postoperative
anemia, reoperation within 30 days, duration of intensive care
unit stay, and death.

The primary outcomes were OS and DFS. OS was defined as
the time from the date of first treatment to the date of death due
to any reason. DFS was defined as the time from the date of first
treatment to the date of recurrence or metastasis or secondary
primary tumor or death. The follow-up ended on December 31,
2019, ranging from 5 to 11 years (median: 69.6 months).

Statistical analysis

SPSS (Version 25; IBM, Armonk, NY, USA) and R software
(version 3.4.4, R Foundation for Statistical Computing, Austria)
were used to analyze the data. Patients’ baseline characteristics
were presented as n and percent (%) for categorical variables and
mean * standard deviation (SD) for continuous variables. We
compared the association between preoperative anemia and
malignant clinicopathological features by t-test and Chi-squared
test. Spearman analysis was used to assess the correlation between
preoperative anemia and postoperative anemia.

We used propensity score matching to reduce any potential
confounding factors related to baseline differences between the
two groups. The key confounders including sex, age,
preoperative adjuvant chemotherapy, tumor histology, pTNM/
UICC stage, and lymph node invasion > 12 were matched. The
nearest neighbor method was employed, and 0.05 SD was used
as the caliper with 1:1 matching. The balanced distribution of
matched patients in each group was evaluated by standardized
mean difference (SMD). SMD < 0.10 meant a balanced
distribution between the two groups. We used the R package
“Matchlt” for propensity score matching. After matching, 1,690
patients remained in each group (Table 1).

In the propensity-matched cohort, Kaplan-Meier survival
analysis was used to compare OS and DES by log-rank test. We
used the Cox proportional hazards model to study the
prognostic factors for OS and DFS. The univariate Cox
proportional hazards model was used to analyze all variables.
Variables with a P-value < 0.05 were included in the multivariate
analysis. Multivariate Cox proportional hazards model using the
enter method was conducted to select variables. In univariate
and multivariate Cox regression analysis, two new models were
built. “Preoperative anemia and postoperative anemia” model
included patients who were not anemic either before or after
surgery, those who had preoperative anemia but not
postoperative anemia, those with postoperative anemia but not
preoperative anemia, and those with both pre- and postoperative
anemia. “Preoperative anemia and transfusion” model included
patients who were not anemic preoperatively and not transfused,
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Patients for colorectal cancer surgery,
n=13721
Excluded (n=5600):
Imcomplete medical records, n=1312;
Benign tumor/carcinoma in situ, n=1872;
Emergency operation, n=1310;
A history of other malignant tumors, n=1106;
Eligible patients, n=8121
Pre-anemia group Not pre-anemia group
n=1975 n=6146
Matched pre-anemia group Matched not pre-anemia group
n=1690 n=1690
FIGURE 1

Flow chart of patient selection

those who were not anemic before surgery but transfused, those
with preoperative anemia only but not transfused, and those
with preoperative anemia who were also transfused. The hazard
ratio (HR) was not only compared in each model, but also
compared between different models to investigate its prediction
in cancer prognosis. Multivariate Cox analysis model 1 was
designed to estimate preoperative anemia effect on survival.
Multivariate Cox analysis model 2 was designed to estimate
postoperative anemia effect on survival. Multivariate Cox
analysis model 3 was designed to estimate the interaction of
preoperative and postoperative anemia effect on survival.
Multivariate Cox analysis model 4 was designed to estimate
the interaction of preoperative anemia and transfusion effect
on survival.

Results
Patient characteristics and outcome

Of the 8,121 patients who met our inclusion criteria, 1,975
(24.3%) patients presented with preoperative anemia and 6,146
(75.7%) did not show preoperative anemia (Figure 1). Patient
characteristics are summarized in Table 1. Our median
postoperative follow-up period was 69.4 (95% CI [confidence
interval]: 68.7-70.0) months for all patients. Because there were
significant differences in baseline characteristics that could
influence cancer recurrence between the two groups, we used
propensity score matching to reduce the imbalance. After
matching, 1,690 patients remained in each group. SMD values
were less than 0.1 for all characteristics except for surgical
approach (Table 1). After matching, no significant differences
were found for sex, age, preoperative adjuvant chemotherapy,
tumor histology, tumor differentiation, pTNM/UICC stage, and
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number of infiltrating lymph nodes > 12, which were greatly
different between the two groups before matching.

In the propensity-matched cohort, preoperative Hb was
markedly higher in the not preoperative anemia group than in
the preoperative anemia group (133 + 12.1 g/L vs. 98 + 14.2 g/L,
P<0.001, n=1690 in each group, Table 1 and Figure 2A). A
greater percentage of patients in the preoperative anemia group
required blood transfusion (8.2% vs. 0.7%, P<0.001, Table 2)
than that in the not preoperative anemia group. The
postoperative Hb was markedly higher in the not preoperative
anemia group than in the preoperative anemia group (124 + 13.3
g/Lvs. 99 £ 13.1 g/L, P<0.001, n=1690 in each group, Table 2 and
Figure 2B). A higher percentage of patients in the preoperative
anemia group (90.5% vs. 20.7%, P<0.001, Table 2) than that in
the not preoperative anemia group exhibited postoperative
anemia. Preoperative Hb values correlated positively with
0.843, P < 0.001,
Figure 2C). The overall mortality rate was significantly higher

postoperative Hb concentrations (r =

in the preoperative anemia group (31.1% vs. 26.7%, P = 0.005)
during the extended follow-up (+5 years). Summarizing this
propensity-matched cohort, preoperative anemia was associated
with more blood transfusion, more postoperative anemia, and
higher mortality rate after CRC surgery.

Kaplan—Meier survival and Cox
regression proportional hazard survival
for OS and DFS between preoperative
anemia and non-preoperative

anemia patients

In the propensity-matched cohort, patients who were not

anemic preoperatively demonstrated better OS than those who
were anemic before surgery (median survival time 130.9 months
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TABLE 1 Patient baseline characteristics in the total study cohort and the Propensity score matched.

10.3389/fonc.2022.940428

Variables Total study cohort Propensity-matched cohort SMD
Pre-anemia Not pre-anemia P Pre-anemia Not pre-anemia P
(n = 1975) (n = 6146) Value (n = 1690) (n = 1690) Value
Sex, n(%) <0.001 0.890 0.005
Female 919 (46.5) 2390 (38.9) 782 (46.3) 786 (46.5)
Male 1056 (53.5) 3756 (61.1) 908 (53.7) 904 (53.5)
Age, n(%) <0.001 0.999 0.009
<44 273 (13.8) 795 (12.9) 225 (13.3) 224 (13.3)
45-54 369 (18.7) 1264 (20.6) 317 (18.8) 319 (18.9)
55-64 576 (29.2) 2339 (38.1) 480 (28.4) 480 (28.4)
65-74 473 (23.9) 1273 (20.7) 419 (24.8) 414 (24.5)
>75 284 (14.4) 475 (7.7) 249 (14.7) 253 (15.0)
ASA score, n(%) 0.728 0.717 0.003
I 847 (42.9) 2674 (43.5) 676 (40.0) 680 (40.2)
11 1090 (55.2) 3368 (54.8) 930 (55.0) 936 (55.4)
11 38 (1.9) 104 (1.7) 84 (5.0) 74 (4.4)
Preoperative Hb, (g/L) 97 + 144 134 £ 12.7 <0.001 98 +14.2 133 £ 12.1 <0.001  2.628
Preoperative HCT, (%) 31 +3.6 40 £ 3.4 <0.001 31 +3.6 40 £ 3.3 <0.001  2.480
Preoperative adjuvant <0.005 0.951 0.002
chemotherapy, n(%)
Yes 194 (9.8) 480 (7.8) 143 (8.5) 144 (8.5)
No 1781 (90.2) 5666 (92.2) 1547 (91.5) 1546 (91.5)
Surgical approach, n(%) 0.008 0.003  0.104
Laparotomy 1844 (93.4) 5623 (91.5) 1587 (93.9) 1541 (91.2)
Laparoscopy 131 (6.6) 523 (8.5) 103 (6.1) 149 (8.8)
Tumor histolog, n(%) <0.001 0.865 0.018
adenocarcinoma 1621 (82.1) 5418 (88.2) 1412 (83.6) 1407 (83.3)
mucoid adenocarcinoma 328 (16.6) 632 (10.3) 263 (15.6) 265 (15.7)
signet-ring cell carcinoma 26 (1.3) 96 (1.6) 15 (0.9) 18 (1.1)
Tumor differentiation, n(%) <0.001 0.183 0.076
Poor 465 (23.5) 1216 (19.8) 391 (23.1) 367 (21.7)
Moderate 1298 (65.7) 4189 (68.2) 1127 (66.7) 1149 (68.0)
Well 22 (1.1) 150 (2.4) 22 (1.3) 36 (2.1)
Unknown 190 (9.6) 591 (9.6) 150 (8.9) 138 (8.2)
Vascular tumor thrombus, n 0.159 0.837  0.007
(%)
No 1500 (75.9) 4762 (77.5) 1312 (77.6) 1307 (77.3)
Yes 475 (24.1) 1384 (22.5) 378 (22.4) 383 (22.7)
Surgical margin positive, n(%) 0.272 0.771 0.010
No 1937 (98.1) 6050 (98.4) 1665 (98.5) 1667 (98.6)
Yes 38 (1.9) 96 (1.6) 25 (1.5) 23 (1.4)
pTNM/UICC stage, n(%) <0.001 0.999 0.010
0-1 175 (8.9) 1269 (20.6) 170 (10.1) 173 (10.2)
il 632 (32.0) 1611 (26.2) 615 (36.4) 613 (36.3)
1T 782 (39.6) 2370 (38.6) 758 (44.9) 759 (44.9)
v 345 (17.5) 724 (11.8) 114 (6.7) 111 (6.6)
Unknown 41 (2.1) 172 (2.8) 33 (2.0) 34 (2.0)
Infiltrating lymph nodes>12, n <0.001 0.961  0.002
(%)
No 309 (15.6) 1487 (24.2) 247 (14.6) 246 (14.6)
(Continued)
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TABLE 1 Continued

Variables Total study cohort
Pre-anemia Not pre-anemia
(n = 1975) (n = 6146)

Yes 1666 (84.4) 4659 (75.8)

Number of cancer nodule>1, n

(%)

No 1646 (83.4) 5223 (85.0)

Yes 327 (16.6) 922 (15.0)

Clinical conditions

Diabetes 285 (14.4) 927 (15.1)

hypertension 413 (21.9) 1275 (20.7)

chronic respiratory insufficiency 118 (5.97) 328 (5.33)

10.3389/fonc.2022.940428

Propensity-matched cohort SMD
P Pre-anemia Not pre-anemia P

Value (n = 1690) (n = 1690) Value

1443 (85.4) 1444 (85.4)
0.093 0729  0.012

1448 (85.7) 1455 (86.1)

242 (14.3) 235 (13.9)
0479 185 (10.9) 195 (11.5) 0584  0.008
0.874 334 (19.7) 308 (18.2) 0254 0.032
0.279 84 (4.97) 91 (5.38) 0587  0.007

Data shown as mean+SD or n(%). ASA, American Association of Anesthesiologists; Hb, Hemoglobin; HCT, hematocrit; pTNM/UICC stage, Pathologic Tumor Node Metastasis / Union for
International Cancer Control stage; SMD, standardized mean differences. Significance with P<0.05.

vs. 121.5 months; 5-year OS rate 75% vs. 71.5%, P=0.005;
Figure 3A). Meanwhile, patients who were not anemic before
surgery also exhibited better DFS than those who were anemic
preoperatively (median survival time 134.6 months vs. 124.0
months; 5-year DFS rate 73.3% vs. 69.0%; P=0.003; Figure 3B).

After multivariate analysis, preoperative anemia remained
an independent risk factor for decreased OS (HR, 1.144; 95% CI,
1.005-1.302; P=0.042, Table 3-Multivariate analysis 1) and DFS
(HR, 1.166; 95% CI, 1.024-1.327; P=0.020, Table 4-Multivariate
analysis 1). Altogether, a diagnosis of preoperative anemia was
an independent predictor for worse OS and DFS after
CRC surgery.

Similarly, after multivariate analysis, postoperative anemia
was also an independent predictor for shorter OS (HR, 1.186;
95% CI, 1.042-1.350; P=0.010; Table 3-Multivariate analysis 2)
and DFS (HR, 1.178; 95% CI, 1.035-1.341; P=0.013; Table 4-
Multivariate analysis 2) of patients after CRC surgery.

>
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Kaplan—Meier Survival and Cox
regression proportional hazard survival
for OS and DFS in combined
preoperative anemia and
postoperative anemia

Patients who were not anemic either before or after surgery
demonstrated the best OS when compared with those who had
preoperative anemia but not postoperative anemia, those with
postoperative anemia but not preoperative anemia, and those
with both pre- and postoperative anemia (P=0.003, Figure 4A).
Patients who did not show perioperative anemia also exhibited
the best DES of all groups of patients that were studied (P =
0.005, Figure 4B). However, patients with preoperative anemia
had no difference in OS (P=0.886) and DFS (P=0.989),
regardless of whether they presented with postoperative
anemia or not.

(¢}

pre-anemia

Post-hemoglobin (g/L)

oo Y P<0.001

Pre-hemoglobin (g/L)

Preoperative anemia was associated with more postoperative anemia. (A) The level of preoperative hemoglobin in patients with and without
preoperative anemia (pre-anemia) (133 + 12.1 g/L vs. 98 + 14.2 g/L, n=1690 in each group, P<0.001). (B) The level of postoperative hemoglobin in
patients with or without pre-anemia (124 + 13.3 g/L vs. 99 + 13.1 g/L, P<0.001, n=1690 in each group). (C) The correlation between preoperative
hemoglobin (pre-hemoglobin) and postoperative hemoglobin (post-hemoglobin) using Spearman analysis. Significance with P < 0.05.
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TABLE 2 The outcome of patients in the total study cohort and the Propensity score matched cohort.

Variables Total study cohort
Pre-anemia Not pre-anemia
(n = 1975) (n = 6146)

Blood transfusion, n(%)

No 1812 (91.7) 6098 (99.2)

Yes 163 (8.3) 48 (0.8)

Amount of blood loss, n(%)

<400ml 1958 (99.1) 6091 (99.1)

>400ml 17 (0.9) 55 (0.9)

Postoperative Hb, (g/L) 99 +13.1 126 + 13.6

Postoperative anemia, n(%)

No 202 (10.2) 4990 (81.2)

Yes 1769 (89.8) 1152 (18.8)

Reoperation within 30days,

n(%)

No 1942 (98.3) 6033 (98.2)

Yes 33 (1.7) 113 (1.8)

Duration of Intensive Care

Unit stay

No 1908 (96.6) 5931 (96.2)

Yes 67 (3.4) 233 (3.8)

Death, n(%)

No 1264 (64.0) 4576 (74.5)

Yes 711 (36.0) 1570 (25.5)

Data shown as mean+SD or n(%). Hb, Hemoglobin. Significance with P<0.05.

After the multivariable analysis, the presence of pre- and
postoperative anemia remained an independent risk factor
for shorter OS (HR, 1.202; 95% CI, 1.043-1.385; P=0.011,
Table 3-Multivariate analysis 3) and worse DFS (HR, 1.210;
95% CI, 1.050-1.395; P=0.008, Table 4-Multivariate analysis
3). However, having preoperative but not postoperative
anemia, and having postoperative but not preoperative
anemia were not independent predictors for worse OS and
DFS, indicating that appropriate prevention and treatment of
anemia were required. In summary, both pre- and
postoperative anemia was an independent predictor for
negative OS and DFS of patients after CRC surgery, which
experienced the highest mortality risk after CRC surgery in
this model.

Kaplan—Meier Survival and Cox
regression proportional hazard survival
for OS and DFS in combined
preoperative anemia and transfusion

Patients who were not anemic preoperatively and not

transfused showed the best OS when compared with those
who were not anemic before surgery but transfused, those with
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Propensity-matched cohort

P Pre-anemia Not pre-anemia P
Value (n = 1690) (n = 1690) Value
<0.001 <0.001

1551 (91.8) 1678 (99.3)
139 (8.2) 12 (0.7)
0.888 0.101
1674 (99.1) 1682 (99.5)
16 (0.9) 8 (0.5)
<0.001 99 + 13.1 124 + 133 <0.001
<0.001 <0.001
160 (9.5) 1341 (79.3)
1530 (90.5) 349 (20.7)
0.626 1
1661 (98.3) 1661 (98.3)
29 (1.7) 29 (1.7)
0.426 0.481
1619 (95.8) 1627 (96.3)
71 (4.2) 63 (3.7)
<0.001 0.005
1165 (68.9) 1239 (73.3)
525 (31.1) 451 (26.7)

preoperative anemia only but not transfused, and those with
preoperative anemia who were also transfused (P=0.001,
Figure 5A). Patients who were not preoperatively anemic and
not transfused showed the best DFS of all studied groups of
patients (P=0.001, Figure 5B). In patients with preoperative
anemia, the OS and DFS of patients with transfusion were
worse than those of patients without transfusion using
Kaplan-Meier survival analysis (P=0.026 in OS; P=0.037 in
DES), indicating that the prognosis associated with
intraoperative blood transfusion was worse than that
associated with postoperative anemia.

After the multivariable analysis, preoperative anemia
without or with transfusion were independent risk factors for
OS (HR, 1.239; 95% CI, 1.079-1.423; P=0.002; HR, 1.791; 95%
CI, 1.339-2.397; P<0.001, respectively; Table 3-Multivariate
analysis 4) and DFS (HR, 1.246, 95% CI, 1.086-1.430;
P=0.002; HR, 1.857; 95% CI, 1.389-2.483; P<0.001,
respectively; Table 4-Multivariate analysis 4). Owing to the
HRs of preoperative anemia with transfusion being higher
than those of preoperative anemia without transfusion (HR
1.791 vs. 1.239 in OS in Table 3; HR 1.857 vs. 1.246 in DFS in
Table 4), the risks of death and cancer progression in patients
preoperatively anemic who were also transfused were the highest
in this model. When comparing the most dangerous risk factors
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FIGURE 3
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Survival rate 85.7% | 77.4% | 73.3% | 70.6% | 68.0% | 57.2%
Pre-anemia Number at risk | 1689 | 1265 1025 | 784 369 166 37 0
Survival rate 84.9% | 75.8% | 69.0% | 65.0% |58.6% |52.2%

10.3389/fonc.2022.940428

(A) Kaplan—Meier survival curve for overall survival (OS) according to preoperative anemia (pre-anemia) in the propensity score-matched cohort.
The OS rates, median survival time, and number at risk are shown. (B) Kaplan—Meier survival curve for disease-free survival (DFS) according to
pre-anemia in the propensity score-matched cohort. The DFS rates, median survival time, and number at risk are shown. Significance with

P <0.05

between two models, the HRs of preoperative anemia with

transfusion were higher than those of preoperative and
postoperative anemia (HR 1.791 vs. 1.202 in OS in Table 3;
HR 1.857 vs. 1.210 in DES in Table 4), indicating that the harm
associated with blood transfusion was greater than that

associated with postoperative anemia.
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Discussion

Our study demonstrated that preoperative anemia and
postoperative anemia were independent risk factors for worse

OS and DFS after colorectal surgery. Since preoperative anemia

is highly associated with the presence of postoperative anemia

frontiersin.org


https://doi.org/10.3389/fonc.2022.940428
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Weng et al.

10.3389/fonc.2022.940428

TABLE 3 Univariate analysis and multivariate Cox regression analysis for overall survival in the Propensity score matched cohort.

Variables Univariate analysis
HR (95% p

CI) Value

Pre-anemia

No 1 (reference)

Yes 1.200 (1.058- 0.005
1.360)

Post-anemia

No 1 (reference)

Yes 1.248 (1.099- 0.001
1.419)

Pre-Anemia and post- 0.003

anemia

Neither pre- nor post- 1 (reference)

anemia

Post-anemia but not pre- 1.316 (1.059- 0.013

anemia 1.634)

Pre-anemia but not post- 1.253 (0.931- 0.136

anemia 1.686)

Both pre- and post-anemia 1.274 (1.109- 0.001
1.464)

Pre-anemia and 0.001

transfusion

Not pre-anemia and not 1 (reference)

transfused

Not pre-anemia but 2.144 (0.888- 0.090

transfused 5.178)

Pre-anemia but not 1.173 (1.030- 0.016

transfused 1.335)

Pre-anemia and transfused 1.606 (1.213- 0.001
2.125)

Perioperative blood transfusion

No 1 (reference)

Yes 1.516 (1.167- 0.002
1.969)

Sex

Male 1 (reference)

Female 0.833 (0.733- 0.005
0.945)

Age, years <0.001

<44 1 (reference)

45-54 1.072 (0.825- 0.602
1.393)

55-64 1.230 (0.968- 0.090
1.561)

65-74 1.504 (1.186- 0.001
1.907)

=75 2.337 (1.834- <0.001
2.979)

Preoperative adjuvant chemotherapy

No 1 (reference)

Yes 1.256 (1.016- 0.035
1.553)
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Multivariate Multivariate Multivariate Multivariate
analysis 1 analysis 2 analysis 3 analysis 4
HR P HR P HR P HR P
(95% CI) Value (95% CI) Value (95% CI) Value (95% CI) Value
1 (reference)
1.144 (1.005- 0.042
1.302)
1 (reference)
1.186 (1.042- 0.010
1.350)
0.060
1 (reference)
1.228 (0.987- 0.066
1.528)
1147 (0.847- 0377
1.553)
1.202 (1.043- 0.011
1.385)
<0.001
1 (reference)
1.735 (0.714- 0.224
4213)
1.239 (1.079- 0.002
1.423)
1.791 (1.339- <0.001
2.397)
1 (reference) 1 (reference) 1 (reference)
1.428 (1.092- 0.009 1.443 (1.107- 0.007 1.431 (1.094- 0.009
1.868) 1.881) 1.871)
1 (reference) 1 (reference) 1 (reference) 1 (reference)
0.857 (0.754- 0.019 0.854 (0.751- 0.016 0.851 (0.748- 0.014 0.857 (0.753- 0.019
0.975) 0.971) 0.968) 0.975)
<0.001 <0.001 <0.001 <0.001
1 (reference) 1 (reference) 1 (reference) 1 (reference)
1.180 (0.906- 0.220 1.179 (0.905- 0.222 1.181 (0.906- 0.217 1.207 (0.925- 0.165
1.538) 1.537) 1.540) 1.573)
1.315 (1.032- 0.027 1.313 (1.031- 0.027 1.314 (1.031- 0.027 1.343 (1.053- 0.017
1.676) 1.673) 1.674) 1.712)
1.699 (1.334- <0.001 1.690 (1.327- <0.001 1.688 (1.325- <0.001 1.773 (1.390- <0.001
2.163) 2.152) 2.149) 2.261)
3.194 (2.489- <0.001 3.163 (2.465- <0.001 3.156 (2.459- <0.001 3.287 (2.560- <0.001
4.098) 4.059) 4.050) 4.220)
1 (reference) 1 (reference) 1 (reference) 1 (reference)
1.762 (1.372- <0.001 1.756 (1.368- <0.001 1.744 (1.358- <0.001 1.554 (1.201- 0.001
2.261) 2.254) 2.239) 2.010)
(Continued)
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TABLE 3 Continued

Variables Univariate analysis Multivariate Multivariate Multivariate Multivariate
analysis 1 analysis 2 analysis 3 analysis 4
HR (95% P HR P HR P HR P HR P

CI Value (95% CI) Value (95% CI) Value (95% CI) Value (95% CI) Value

Tumor histology 0.002 0.162 0.185 0.174 0.167

Adenocarcinoma 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Mucoid adenocarcinoma 0.976 (0.820- 0.788 0.926 (0.766- 0.430 0.929 (0.768- 0.445 0.928 (0.767- 0.440 0.927 (0.766- 0.436
1.162) 1.120) 1.123) 1.122) 1.122)

Signet-ring cell carcinoma 2.336 (1.444- 0.001 1.518 (0.917- 0.104 1.495 (0.903- 0.118 1.506 (0.910- 0.112 1.514 (0.914- 0.107
3.778) 2.512) 2.475) 2.495) 2.506)

Tumor differentiation <0.001 0.014 0.012 0.013 0.008

Well 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1

Moderate 1.888 (1.010- 0.046 1.247 (0.663- 0.494 1.238 (0.659- 0.507 1.232 (0.655- 0.518 1.206 (0.641- 0.562
3.529) 2.343) 2.328) 2.316) 2.269)

Poor 2.883 (1.533- 0.001 1.570 (0.827- 0.167 1.563 (0.824- 0.172 1.553 (0.818- 0.178 1.546 (0.814- 0.183
5.423) 2.980) 2.966) 2.948) 2.936)

Unknown 1.998 (1.032- 0.040 1.501 (0.764- 0.239 1.498 (0.763- 0.241 1.487 (0.757- 0.250 1.458 (0.741- 0.275
3.866) 2.949) 2.944) 2.922) 2.867)

Vascular cancer embolus

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 2.214 (1.939- <0.001 1.490 (1.286- <0.001 1.492 (1.288- <0.001 1.489 (1.285- <0.001 1.493 (1.287- <0.001
2.527) 1.726) 1.729) 1.725) 1.730)

Surgical margin positive

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 3.105 (2.158- <0.001 1.541 (1.051- 0.027 1.585 (1.083- 0.018 1.554 (1.058- 0.025 1.558 (1.063- 0.023
4.467) 2.259) 2.322) 2.284) 2.285)

PTNM/UICC stage <0.001 <0.001 <0.001 <0.001 <0.001

0-1 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

I 1.185 (0.885- 0.255 1.205 (0.897- 0.215 1.202 (0.895- 0.222 1.201 (0.894- 0.223 1.257 (0.935- 0.130
1.587) 1.619) 1.614) 1.613) 1.689)

111 2.480 (1.882- <0.001 1.959 (1.468- <0.001 1.947 (1.459- <0.001 1.950 (1.461- <0.001 2.022 (1.514- <0.001
3.267) 2.614) 2.599) 2.602) 2.700)

v 8.982 (6.608- <0.001 7.069 (5.097- <0.001 7.020 (5.062- <0.001 7.053 (5.085- <0.001 7.718 (5.549- <0.001
12.209) 9.804) 9.735) 9.783) 10.735)

Unkown 0.766 (0.365- 0.481 0.523 (0.239- 0.104 0.518 (0.237- 0.099 0.518 (0.237- 0.099 0.528 (0.242- 0.110
1.607) 1.142) 1.132) 1.132) 1.154)

Infiltrating lymph nodes>12, n (%)

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 0.710 (0.605- <0.001 0.839 (0.707- 0.046 0.836 (0.704- 0.042 0.836 (0.704- 0.041 0.857 (0.721- 0.080
0.833) 0.997) 0.993) 0.993) 1.019)

Number of cancer nodule>1, n (%)

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 2.469 (2.288- <0.001 1.469 (1.248- <0.001 1.473 (1.252- <0.001 1.468 (1.247- <0.001 1.455 (1.236- <0.001
3.066) 1.729) 1.734) 1.728) 1.713)

Amount of blood loss

<400ml 1 (reference)

>400ml 1.781 (0.955- 0.070
3.320)

Reoperation within 30 days

No 1 (reference)

Yes 1.021 (0.631- 0.934
1.649)

Data shown as HR [hazard ratio] (95% CI [confidence interval]). pTNM/UICC stage, Pathologic Tumor Node Metastasis / Union for International Cancer Control stage; RBC, Red blood
cell. Significance with P < 0.05.
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TABLE 4 Univariate analysis and multivariate Cox regression analysis for disease-free survival in the Propensity score matched cohort.

Variables

Pre-anemia
No
Yes

Post-anemia
No
Yes

Pre-anemia and post-
anemia

Neither pre- nor post-
anemia

Post-anemia but not pre-
anemia

Pre-anemia but not post-

anemia

Both pre- and post- anemia

Pre-anemia and
transfusion

Not pre-anemia and not
transfused

Not pre-anemia but
transfused

Pre-anemia but not
transfused

Pre-anemia and transfused

Univariate analysis

HR (95% P
CI) Value

1 (reference)

Perioperative blood transfusion

No
Yes

Sex
Male

Female

Age, years
<44
45-54

55-64

65-74

275

Preoperative adjuvant chemotherapy

No
Yes

Frontiers in Oncology

1.208 (1.065- 0.003
1.370)
1 (reference)
1.236 (1.088- 0.001
1.405)
0.005
1 (reference)
1.269 (1.022- 0.031
1.577)
1.274 (0.947- 0.110
1.714)
1.272 (1.107- 0.001
1.461)
0.001
1 (reference)
2.215 (0.917- 0.077
5.348)
1.183 (1.039- 0.011
1.347)
1.587 (1.199-  0.001
2.101)
1 (reference)
1.496 (1.152- 0.003
1.943)
1 (reference)
0.832 (0.733- 0.005
0.945)
<0.001
1 (reference)
1.113 (0.857- 0.421
1.446)
1.267 (0.997- 0.053
1.608)
1.537 (1.212- <0.001
1.949)
2269 (1.780-  <0.001
2.892)
1 (reference)
1.280 (1.035- 0.023
1.582)

Multivariate Multivariate Multivariate Multivariate
analysis 1 analysis 2 analysis 3 analysis 4
HR(95% P HR(9% P HR(95% P  HR(95% P
CI) Value CI) Value CI) Value CI) Value
1 (reference)
1.166 (1.024- 0.020
1.327)
1 (reference)
1178 (1.035-  0.013
1.341)
0.066
1 (reference)
1.164 (0.935- 0.175
1.448)
1.167 (0.861- 0.321
1.582)
1.210 (1.050- 0.008
1.395)
<0.001
1 (reference)
1.936 (0.796- 0.145
4.707)
1.246 (1.086- 0.002
1.430)
1.857 (1.389- <0.001
2.483)
1 (reference) 1 (reference) 1 (reference)
1.493 (1.141- 0.003 1.527 (1.171- 0.002 1.495 (1.142- 0.003
1.953) 1.990) 1.956)
1 (reference) 1 (reference) 1 (reference) 1 (reference)
0.839 (0.738- 0.008 0.836 (0.734- 0.006 0.834 (0.733- 0.006 0.838 (0.736- 0.007
0.955) 0.951) 0.950) 0.954)
<0.001 <0.001 <0.001 <0.001
1 (reference) 1 (reference) 1 (reference) 1 (reference)
1.297 (0.996- 0.054 1.298 (0.996- 0.054 1.297 (0.996- 0.054 1.326 (1.018- 0.037
1.690) 1.691) 1.690) 1.729)
1.359 (1.067- 0.013 1.357 (1.066- 0.013 1.356 (1.065- 0.013 1.377 (1.081- 0.010
1.730) 1.729) 1.727) 1.755)
1.768 (1.389- <0.001 1.755 (1.379- <0.001 1.756 (1.379- <0.001 1.818 (1.427- <0.001
2.250) 2.234) 2.235) 2.317)
3.000 (2.340- <0.001 2.972 (2.318- <0.001 2.968 (2.314- <0.001 3.051 (2.379- <0.001
3.845) 3.809) 3.807) 3.913)
1 (reference) 1 (reference) 1 (reference) 1 (reference)
1.891 (1.475- <0.001 1.886 (1.472- <0.001 1.881 (1.467- <0.001 1.689 (1.306- <0.001
2.424) 2.418) 2.412) 2.182)
(Continued)
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Variables Univariate analysis Multivariate Multivariate Multivariate Multivariate
analysis 1 analysis 2 analysis 3 analysis 4
HR (95% P HR (95% P HR (95% P HR (95% P HR (95% P
CI) Value CI) Value CI) Value CI) Value CI) Value
Tumor histology 0.007 0.181 0.207 0.195 0.192

Adenocarcinoma 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Mucoid adenocarcinoma 0.974 (0.818- 0.765 0.931 (0.770- 0.463 0.936 (0.774- 0.499 0.934 (0.772- 0.480 0.933 (0.771- 0.473
1.159) 1.127) 1.133) 1.130) 1.128)

Signet-ring cell carcinoma 2.155 (1.333- 0.002 1.504 (0.911- 0.111 1.485 (0.899- 0.123 1.493 (0.904- 0.118 1.495 (0.905- 0.117
3.485) 2.484) 2.453) 2.468) 2.471)

Tumor differentiation <0.001 0.074 0.071 0.076 0.068

Well 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Moderate 1.867 (0.999- 0.050 1.268 (0.674- 0.462 1.265 (0.673- 0.465 1.258 (0.669- 0.476 1.231 (0.654- 0.519
3.490) 2.383) 2.379) 2.366) 2.316)

Poor 2.803 (1.490- 0.001 1.532 (0.807- 0.193 1.531 (0.806- 0.193 1.520 (0.800- 0.201 1.497 (0.788- 0.218
5.273) 2.909) 2.908) 2.887) 2.845)

Unknown 1.932 (0.998- 0.051 1.373 (0.698- 0.359 1.377 (0.700- 0.354 1.363 (0.693- 0.369 1.332 (0.677- 0.407
3.741) 2.701) 2.710) 2.684) 2.623)

Vascular cancer embolus

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 2.246 (1.967- <0.001 1.500 (1.294- <0.001 1.503 (1.297- <0.001 1.498 (1.293- <0.001 1.494 (1.288- <0.001
2.564) 1.738) 1.742) 1.737) 1.732)

Surgical margin positive

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 3.464 (2.407- <0.001 1.539 (1.047- 0.028 1.597 (1.088- 0.017 1.552 (1.052- 0.027 1.555 (1.057- 0.025
4.986) 2.261) 2.345) 2.289) 2.287)

pTNM/UICC stage <0.001 <0.001 <0.001 <0.001 <0.001

0-1 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

I 1.157 (0.864- 0.328 1.178 (0.877- 0.277 1.175 (0.875- 0.285 1.174 (0.874- 0.286 1.225 (0.911- 0.179
1.549) 1.582) 1.578) 1.578) 1.647)

111 2.480 (1.883- <0.001 1.943 (1.456- <0.001 1.931 (1.447- <0.001 1.936 (1.451- <0.001 2.007 (1.504- <0.001
3.267) 2.592) 2.576) 2.583) 2.680)

v 9.667 (7.111- <0.001 7.332 (5.290- <0.001 7.290 (5.260- <0.001 7.313 (5.276- <0.001 7.934 (5.708- <0.001
13.143) 10.163) 10.104) 10.137) 11.027)

Unkown 0.739 (0.352- 0.424 0.476 (0.218- 0.063 0.473 (0.216- 0.060 0.472 (0.216- 0.060 0.484 (0.221- 0.069
1.551) 1.041) 1.033) 1.032) 1.057)

Infiltrating lymph nodes>12, n (%)

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 0.683 (0.582- <0.001 0.806 (0.680- 0.013 0.806 (0.680- 0.013 0.805 (0.678- 0.012 0.820 (0.691- 0.024
0.802) 0.956) 0.956) 0.954) 0.974)

Number of cancer nodule>1, n (%)

No 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 2.679 (2.314- <0.001 1.462 (1.240- <0.001 1.467 (1.245- <0.001 1.463 (1.241- <0.001 1.453 (1.233- <0.001
3.101) 1.723) 1.728) 1.724) 1.713)

Amount of blood bloss

<400ml 1 (reference)

>400ml 1.703 (0.913- 0.094
3.175)

Reoperation within 30 days

No 1 (reference)

Yes 1.027 (0.636- 0.912
1.661)

Data shown as HR [hazard ratio] (95% CI [confidence interval]). pTNM/UICC stage, Pathologic Tumor Node Metastasis / Union for International Cancer Control stage; RBC, Red blood
cell. Significance with P < 0.05.
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FIGURE 4
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(A) Kaplan—Meier survival curve for overall survival (OS) for both preoperative anemia (pre-anemia) and postoperative anemia (post-anemia),
post-anemia but not pre-anemia, pre-anemia but not post-anemia, and neither pre- nor post-anemia in the propensity score-matched cohort.
The OS rates, median survival time, and number at risk are shown. (B) Kaplan—Meier survival curve for disease-free survival (DFS) for both pre-
and post-anemia, post-anemia but not pre-anemia, pre-anemia but not post-anemia, and neither pre- nor post-anemia in the propensity
score-matched cohort. The DFS rates, median survival time, and number at risk are shown. The median survival time refers to the
corresponding survival time when the survival rate is 50%. "not reach” means when a line is drawn vertically on the Y axis 0.5, it does not
intersect with the survival curve. There is no corresponding survival time here. Significance with P < 0.05.

and the need for blood transfusions, we evaluated two new
prognostic models involving these factors. In the preoperative
anemia and postoperative anemia model, the presence of both
preoperative anemia and postoperative anemia had the highest
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risk of worse OS and DFS. Patients with preoperative anemia
had no difference in OS and DFS, regardless of whether they
presented with postoperative anemia or not. In the preoperative

anemia and transfusion model, preoperative anemia and
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FIGURE 5

(A) Kaplan—Meier survival curve for overall survival (OS) for not preoperative anemia (pre-anemia) and not transfused, not pre-anemia but
transfused, pre-anemia but not transfused, and pre-anemia and transfused in the propensity score-matched cohort. The OS rates, median
survival time, and number at risk are shown. (B) Kaplan—Meier survival curve for disease-free survival (DFS) for not pre-anemia and not
transfused, not pre-anemia but transfused, pre-anemia but not transfused, and pre-anemia and transfused in the propensity score-matched
cohort. The DFS rates, median survival time, and number at risk are shown. The median survival time refers to the corresponding survival time
when the survival rate is 50%. "not reach” means when a line is drawn vertically on the Y axis 0.5, it does not intersect with the survival curve.

There is no corresponding survival time here. Significance with P < 0

transfused was the most dangerous independent prognostic
factor for OS and DFS. In patients with preoperative anemia,
the OS and DFS of patients with transfusion were worse than
those of patients without transfusion.

Our large study indicated that anemia before surgery was
present in 24.3% of CRC patients and was strongly associated
with worse OS and DFS. However, the mechanisms behind
preoperative anemia and poor cancer outcomes were unclear, as

some studies reported that low Hb indicates hypoxia, a decrease
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of oxygen-carrying function, and low tolerance to bleeding (26,
27). Hypoxia is the key initiating factor for tumors. Increasing
evidence shows that anemia could lead to hypoxia in the tumor
microenvironment, leading to up-regulation of hypoxia-
inducible factor-1 o expression. Hypoxia-inducible factor-1 o
could inhibit the effect of tumor infiltrating lymphocytes and
promote immunosuppressive activity by activating tumor-
associated macrophages; these factors further promoted tumor
proliferation and revascularization (26, 27). Moreover,
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preoperative anemia is also a sign of the severity of the
underlying disease. In our study, after propensity score
matching, SMD values for all characteristics were < 0.1 except
for surgical approach. Preoperative anemia was associated with
laparotomy. It would be interesting to explore whether
laparotomy correlated with more bleeding and greater number
of transfusions. There was no difference in bleeding between
laparotomy and laparoscopy surgical approaches. A greater
percentage of patients in the laparotomy group required blood
transfusion (4.7% vs. 2.0%, P < 0.047, Supplementary Table 1). In
our study, after matching, preoperative anemia was associated
with laparotomy, which is related to immunomodulation as well
as greater number of transfusions. This explains the association
between preoperative anemia and poor prognosis in patients
with CRC.

Furthermore, preoperative anemia correlated positively with
postoperative anemia in our study. Single exposure to preoperative
anemia or postoperative anemia was a risk factor for worse OS and
DFS, yet postoperative anemia but not preoperative anemia and
preoperative anemia but not postoperative anemia were no longer
risk factors for OS and DFS in our study. This finding is very
important for anesthesiologists and surgeons, as it indicates that
treatment or intervention for preoperative anemia or postoperative
anemia, which benefits cancer patients’ outcomes, should be
considered. Several studies concluded that blood management
before surgery, according to preoperative anemia status, can
effectively improve patients’ safety and reduce medical
expenditure, blood transfusion, hospital stay, complications, and
mortality (28-32). The management of postoperative anemia
includes erythropoiesis, blood loss prevention, and restricted
blood transfusion strategies (14, 28, 31). Correct evaluation is
crucial, with prevention being the best treatment (14). However,
patients with preoperative anemia, regardless of whether they had
postoperative anemia or not, presented no difference in OS and
DFS. Therefore, anemia should warrant anesthesiologists and
surgeons’ attention, as they can use this combined assessment to
identify particularly sensitive patients and implement effective
strategies to improve their outcomes.

In our study, we showed that preoperative anemia was
associated with a greater percentage of patients needing blood
transfusions. Similarly, preoperative anemia is strongly correlated
with perioperative blood transfusion and increased mortality in
patients undergoing elective surgery (29, 33, 34). Anemia, blood
loss, and transfusion can be considered “three evils” that adversely
affect mortality (8), and are inextricably interrelated (35). One of
the main purposes of this study was also to evaluate the
interaction between preoperative anemia and intraoperative
transfusions. In the preoperative anemia and transfusion model,
we found that the combination of preoperative anemia with or
without intraoperative blood transfusions were independent risk
factors for OS and DFS after multivariate analysis. The HR of the
combination of preoperative anemia and transfusion was much
higher than the HR of preoperative anemia without transfusion,
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indicating that preoperatively anemic patients who were
transfused had higher risks of death and cancer progression
than those of patients who were not transfused. When
comparing the most dangerous risk factors between the two
models, the HR of the combination of preoperative anemia and
transfusion was also higher than the HR of preoperative anemia
and postoperative anemia. Our HRs with very narrow 95% Cls
showed robust predictive values, indicating that the harm
associated with blood transfusion was worse than that
associated with postoperative anemia. Concurrently, in patients
with preoperative anemia, the OS and DFS of patients with
transfusion were significantly worse than those of patients
without transfusion, suggesting that treating anemia with
intraoperative blood transfusion should be considered carefully,
and highlighting a need for strategies targeting anemia tolerance
and for appropriately restricting the use of blood transfusion.
Now, is it better to tolerate anemia than to correct anemia
with blood transfusion? The perioperative period is a critical
window in the recovery of patients with an impaired immune
response due to surgical trauma. Blood transfusion is thought to
have immunomodulatory effects and may damage tumor
immune surveillance and promote tumor growth and spread
(36, 37). Moderate to severe anemia (first strike) and transfusion
(second strike) may lead to elevated systemic inflammation and
immunosuppression accompanied by endothelial dysfunction
(6, 36, 38-40). Historically, treatment and management of
patients with anemia mostly rely on blood transfusion.
However, the fundamental purpose of medical treatment is not
to treat “laboratory values,” but to improve patients’ conditions
to achieve a better outcome (41). The indication of allogeneic
blood transfusion should take into account the patient’s
underlying disease (42), laboratory test results, benefits and
risks, and whether bleeding is present or absent (43-45).
Patient blood management (PBM) has encouraged physicians
to treat anemia, optimize hemostasis, minimize blood loss,
promote toleration of anemia, and restrict transfusion where
appropriate in order to improve patient prognosis (15, 43, 46—
49). However, the actual implementations of Patient blood
management (PBM) in many countries are not satisfactory
(50, 51). Owing to barriers of application of PBM in many
medical centers, consideration should be given to education and
training to raise awareness of the clinical hazards of anemia and
blood transfusion, and the need for alternatives to blood
transfusion (31, 41, 49). Therefore, the results of our study
may significantly aid health care providers in several countries.
Our study addressed an important topic. The advantage of
our study was that our overall sample size (>8000) and allocation
(>1000) in each group were much larger than those of previous
studies, and the data were obtained from one of the largest
cancer centers in China. Another advantage was that our median
postoperative follow-up period was more than 5 years (median:
69.6 months), and we focused on CRC patients’ long-term
outcomes. Further, we were the first to build two novel models
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to clarify the effect of anemia tolerance and transfusion on long-
term survival after CRC surgery, which to the best of our
knowledge, has not been reported previously. Our study adds
to the growing body of literature regarding the efficacy of
PBM on the identification of anemia, anemia tolerance, and
restriction of transfusion use to lead to improved patient
outcomes. Due to the poor application of PBM in many
countries, our large sample cohort could provide more
reference for physicians when they are considering anemia
tolerance or blood transfusion for patients with CRC.
Although these results contribute important information to
the existing literature, our study also has several limitations.
For example, this is a retrospective, and not a randomized, study
from a singular institution, which cannot avoid the possibility of
residual confounding factors.

Another limitation is that the indication for transfusion is
unknown. This is inherent to the nature of this study
(retrospective observational study). We can’t get the
information of the threshold levels for RBC transfusion of
every patient. Hb thresholds of 7 to 8 g/dL are used for most
hemodynamically stable medical and surgical patients to avoid
unnecessary transfusions in our hospital. After matching
for preoperative anemia, no significant differences were
found for patient baseline characteristics between transfused
and not transfused patients, except preoperative adjuvant
chemotherapy (Supplementary Table 2).

Conclusions

The combined prognostic value of preoperative anemia and
blood transfusion imposed a greater risk to OS and DFS in
patients undergoing CRC surgery. These findings should
encourage clinicians to be vigilant for the timely prevention
and treatment of anemia, by appropriately promoting toleration
of anemia and restricting the use of blood transfusion in patients
with CRC. Prospective randomized controlled trials are needed
to explore perioperative risk and treatment opportunity in
patients with CRC to improve their long-term prognosis.

Data availability statement
The original contributions presented in the study are

included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding authors.

Ethics statement

This retrospective study was performed at Shanghai Cancer
Center, Fudan University, Shanghai, China and was approved by
the appropriate ethics committee (IRB2105235-6). The patients/

Frontiers in Oncology

16

10.3389/fonc.2022.940428

participants provided their written informed consent to
participate in this study.

Author contributions

Conceptualization, MW, and CM. Methodology, MW, MG,
and TL. Investigation and formal analysis, MW, CZ, CS, QL, SC
and YY. Writing-original draft preparation, MW, and DZ.
Writing-Review and Editing, MW, DZ and XL. All authors
contributed to the article and approved the submitted version.

Funding

Our study was supported by the National Natural Science
Foundation of China (N0.82002538, 82072213); Shanghai
Pujiang Talent Plan (No. 2020PJD013); Clinical Research Plan
of SHDC (No. SHDC2020CR1005A); National Key Research
and Development Program of China (No. 2020YFC2008400),
and Wu Jieping Medical Foundation Clinical Research
Special funding.

Acknowledgments

We thank Changming Zhou (Department of Cancer
Prevention, Shanghai Cancer Center, Fudan University) for
providing statistical analysis and consultation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.940428/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.940428/full#supplementary-material
https://doi.org/10.3389/fonc.2022.940428
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Weng et al.

References

1. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: Cancer J Clin (2018) 68(6):394—
424. doi: 10.3322/caac.21492

2. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: Sources, methods and major patterns
in GLOBOCAN 2012. Int ] Cancer (2015) 136(5):E359-86. doi: 10.1002/ijc.29210

3. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer ] Clin (2016) 66(2):115-32. doi: 10.3322/caac.21338

4. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F.
Global patterns and trends in colorectal cancer incidence and mortality. Gut (2017)
66(4):683-91. doi: 10.1136/gutjnl-2015-310912

5. Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM,
et al. Cancer treatment and survivorship statistics, 2019. CA: Cancer ] Clin (2019)
69(5):363-85. doi: 10.3322/caac.21565

6. Wilson MJ, van Haaren M, Harlaar JJ, Park HC, Bonjer HJ, Jeekel J, et al.
Long-term prognostic value of preoperative anemia in patients with colorectal
cancer: A systematic review and meta-analysis. Surg Oncol (2017) 26(1):96-104.
doi: 10.1016/j.suronc.2017.01.005

7. Ludwig H, Van Belle S, Barrett-Lee P, Birgegird G, Bokemeyer C, Gascon P,
et al. The European cancer anaemia survey (ECAS): A large, multinational,
prospective survey defining the prevalence, incidence, and treatment of anaemia
in cancer patients. Eur ] Cancer (Oxford Engl 1990) (2004) 40(15):2293-306. doi:
10.1016/j.€jca.2004.06.019

8. Cata JP. Perioperative anemia and blood transfusions in patients with cancer:
when the problem, the solution, and their combination are each associated with
poor outcomes. Anesthesiology (2015) 122(1):3-4. doi: 10.1097/ALN.
0000000000000518

9. Mérner ME, Edgren G, Martling A, Gunnarsson U, Egenvall M. Preoperative
anaemia and perioperative red blood cell transfusion as prognostic factors for
recurrence and mortality in colorectal cancer-a Swedish cohort study. Int ]
colorectal disease (2017) 32(2):223-32. doi: 10.1007/s00384-016-2678-3

10. Kwon YH, Lim HK, Kim M]J, Park JW, Ryoo SB, Jeong SY, et al. Impacts of
anemia and transfusion on oncologic outcomes in patients undergoing surgery for
colorectal cancer. Int ] colorectal disease (2020) 35(7):1311-20. doi: 10.1007/
500384-020-03601-2

11. Bruns ERJ, Borstlap WA, van Duijvendijk P, van der Zaag-Loonen H]J,
Buskens CJ, van Munster BC, et al. The association of preoperative anemia and the
postoperative course and oncological outcome in patients undergoing rectal cancer
surgery: A multicenter snapshot study. Dis colon rectum (2019) 62(7):823-31. doi:
10.1097/DCR.0000000000001360

12. Kim JH, Bae Y], Jun KH, Chin HM. The prevalence and clinical significance
of postgastrectomy anemia in patients with early-stage gastric cancer: A
retrospective cohort study. Int J Surg (London England) (2018) 52:61-6. doi:
10.1016/j.ijsu.2018.02.037

13. Jun JH, Yoo JE, Lee JA, Kim YS, Sunwoo S, Kim BS, et al. Anemia after
gastrectomy in long-term survivors of gastric cancer: A retrospective cohort study.
Int J Surg (London England) (2016) 28:162-8. doi: 10.1016/j.ijsu.2016.02.084

14. Warner MA, Shore-Lesserson L, Shander A, Patel SY, Perelman SI, Guinn
NR. Perioperative anemia: Prevention, diagnosis, and management throughout the
spectrum of perioperative care. Anesth Analg (2020) 130(5):1364-80. doi: 10.1213/
ANE.0000000000004727

15. Desai N, Schofield N, Richards T. Perioperative patient blood management
to improve outcomes. Anesth Analg (2018) 127(5):1211-20. doi: 10.1213/
ANE.0000000000002549

16. Johnson DJ, Scott AV, Barodka VM, Park S, Wasey JO, Ness PM, et al.
Morbidity and mortality after high-dose transfusion. Anesthesiol (2016) 124
(2):387-95. doi: 10.1097/ALN.0000000000000945

17. Kim R. Effects of surgery and anesthetic choice on immunosuppression and
cancer recurrence. ] Transl Med (2018) 16(1):8-. doi: 10.1186/s12967-018-1389-7

18. Wu ZF, Lee MS, Wong CS, Lu CH, Huang YS, Lin KT, et al. Propofol-based
total intravenous anesthesia is associated with better survival than desflurane
anesthesia in colon cancer surgery. Anesthesiology (2018) 129(5):932-41. doi:
10.1097/ALN.0000000000002357

19. Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after surgery: A
review. JAMA surg (2017) 152(3):292-8. doi: 10.1001/jamasurg.2016.4952

20. Hardy PY, Degesve M, Joris J, Coimbra C, Decker E, Hans G. Impact of
preoperative anemia on outcomes of enhanced recovery program after colorectal
surgery: A monocentric retrospective study. World J surg (2021) 45(8):2326-36.
doi: 10.1007/s00268-021-06161-w

Frontiers in Oncology

10.3389/fonc.2022.940428

21. Liu Z, Luo JJ, Pei KY, Khan SA, Wang XX, Zhao ZX, et al. Joint effect of pre-
operative anemia and perioperative blood transfusion on outcomes of colon-cancer
patients undergoing colectomy. Gastroenterol Rep (2020) 8(2):151-7. doi: 10.1093/
gastro/goz033

22. Loor G, Rajeswaran J, Li L, Sabik JF3rd, Blackstone EH, McCrae KR, et al.
The least of 3 evils: Exposure to red blood cell transfusion, anemia, or both? J
Thorac Cardiovasc Surg (2013) 146(6):1480-7.e6. doi: 10.1016/j.jtcvs.2013.06.033

23. Experts Committee on Cancer -Related Anemia, and Chinese Society of
Clinical Oncology (CSCO). (2012). Clinical practice guidelines on cancer-related
anemia (2012-2013 edition). Chin Clin Oncol (2012) 1(2):18. doi: 10.3978/
j.issn.2304-3865.2012.10.01

24. Shander A, Javidroozi M, Ozawa S, Hare GM. What is really dangerous:
anaemia or transfusion? Br ] anaesthesia (2011) 107 Suppl 1:i41-59. doi: 10.1093/
bja/aer350

25. Cappellini MD, Motta I. Anemia in clinical practice-definition and
classification: Does hemoglobin change with aging? Semin Hematol (2015) 52
(4):261-9. doi: 10.1053/j.seminhematol.2015.07.006

26. McLaren AT, Marsden PA, Mazer CD, Baker AJ, Stewart DJ, Tsui AK, et al.
Increased expression of HIF-lalpha, nNOS, and VEGF in the cerebral cortex of
anemic rats. Am J Physiol Regulatory Integr Comp Physiol (2007) 292(1):R403-14.
doi: 10.1152/ajpregu.00403.2006

27. Kumar V, Gabrilovich DI. Hypoxia-inducible factors in regulation of
immune responses in tumour microenvironment. Immunology (2014) 143
(4):512-9. doi: 10.1111/imm.12380

28. Spahn DR, Muifioz M, Klein AA, Levy JH, Zacharowski K. Patient blood
management: Effectiveness and future potential. Anesthesiology (2020) 133(1):212—
22. doi: 10.1097/ALN.0000000000003198

29. Spahn DR. Anemia and patient blood management in hip and knee surgery:
A systematic review of the literature. Anesthesiology (2010) 113(2):482-95. doi:
10.1097/ALN.0b013e3181e08e97

30. Fowler AJ, Ahmad T, Abbott TEF, Torrance HD, Wouters PF, De Hert S,
et al. Association of preoperative anaemia with postoperative morbidity and
mortality: An observational cohort study in low-, middle-, and high-income
countries. Br ] anaesthesia (2018) 121(6):1227-35. doi: 10.1016/.bja.2018.08.026

31. Meybohm P, Westphal S, Ravn HB, Ranucci M, Agarwal S, Choorapoikayil
S, et al. Perioperative anemia management as part of PBM in cardiac surgery - a
narrative updated review. ] cardiothoracic Vasc anesthesia (2020) 34(4):1060-73.
doi: 10.1053/j.jvca.2019.06.047

32. Spahn DR, Goodnough LT. Alternatives to blood transfusion. Lancet
(London England) (2013) 381(9880):1855-65. doi: 10.1016/S0140-6736(13)
60808-9

33. Kim K, Seo H, Chin JH, Son HJ, Hwang JH, Kim YK. Preoperative
hypoalbuminemia and anemia as predictors of transfusion in radical
nephrectomy for renal cell carcinoma: A retrospective study. BMC anesthesiol
(2015) 15:103. doi: 10.1186/s12871-015-0089-6

34, Klein AA, Collier TJ, Brar MS, Evans C, Hallward G, Fletcher SN, et al. The
incidence and importance of anaemia in patients undergoing cardiac surgery in the
UK - the first association of cardiothoracic anaesthetists national audit. Anaesthesia
(2016) 71(6):627-35. doi: 10.1111/anae.13423

35. Frank SM, Cushing MM. Bleeding, anaemia, and transfusion: An ounce of
prevention is worth a pound of cure. Br ] anaesthesia (2021) 126(1):5-9. doi:
10.1016/j.bja.2020.09.009

36. Vamvakas EC. Allogeneic blood transfusion and cancer recurrence: 20 years
later. Transfusion (2014) 54(9):2149-53. doi: 10.1111/trf.12689

37. Cata JP, Wang H, Gottumukkala V, Reuben J, Sessler DI. Inflammatory
response, immunosuppression, and cancer recurrence after perioperative blood
transfusions. Br ] anaesthesia (2013) 110(5):690-701. doi: 10.1093/bja/aet068

38. Busch OR, Hop WC, Hoynck van Papendrecht MA, Marquet RL, Jeekel J.
Blood transfusions and prognosis in colorectal cancer. New Engl ] Med (1993) 328
(19):1372-6. doi: 10.1056/NEJM199305133281902

39. Gross I, Shander A, Sweeney J. Patient blood management and outcome, too
early or not? Best Pract Res Clin anaesthesiol (2013) 27(1):161-72. doi: 10.1016/
j-bpa.2012.12.005

40. Glance LG, Dick AW, Mukamel DB, Fleming FJ, Zollo RA, Wissler R, et al.
Association between intraoperative blood transfusion and mortality and morbidity
in patients undergoing noncardiac surgery. Anesthesiology (2011) 114(2):283-92.
doi: 10.1097/ALN.0b013e3182054d06

41. Butcher A, Richards T. Cornerstones of patient blood management in
surgery. Transfusion Med (Oxford England) (2018) 28(2):150-7. doi: 10.1111/
tme.12476

frontiersin.org


https://doi.org/10.3322/caac.21492
https://doi.org/10.1002/ijc.29210
https://doi.org/10.3322/caac.21338
https://doi.org/10.1136/gutjnl-2015-310912
https://doi.org/10.3322/caac.21565
https://doi.org/10.1016/j.suronc.2017.01.005
https://doi.org/10.1016/j.ejca.2004.06.019
https://doi.org/10.1097/ALN.0000000000000518
https://doi.org/10.1097/ALN.0000000000000518
https://doi.org/10.1007/s00384-016-2678-3
https://doi.org/10.1007/s00384-020-03601-2
https://doi.org/10.1007/s00384-020-03601-2
https://doi.org/10.1097/DCR.0000000000001360
https://doi.org/10.1016/j.ijsu.2018.02.037
https://doi.org/10.1016/j.ijsu.2016.02.084
https://doi.org/10.1213/ANE.0000000000004727
https://doi.org/10.1213/ANE.0000000000004727
https://doi.org/10.1213/ANE.0000000000002549
https://doi.org/10.1213/ANE.0000000000002549
https://doi.org/10.1097/ALN.0000000000000945
https://doi.org/10.1186/s12967-018-1389-7
https://doi.org/10.1097/ALN.0000000000002357
https://doi.org/10.1001/jamasurg.2016.4952
https://doi.org/10.1007/s00268-021-06161-w
https://doi.org/10.1093/gastro/goz033
https://doi.org/10.1093/gastro/goz033
https://doi.org/10.1016/j.jtcvs.2013.06.033
https://doi.org/10.3978/j.issn.2304-3865.2012.10.01
https://doi.org/10.3978/j.issn.2304-3865.2012.10.01
https://doi.org/10.1093/bja/aer350
https://doi.org/10.1093/bja/aer350
https://doi.org/10.1053/j.seminhematol.2015.07.006
https://doi.org/10.1152/ajpregu.00403.2006
https://doi.org/10.1111/imm.12380
https://doi.org/10.1097/ALN.0000000000003198
https://doi.org/10.1097/ALN.0b013e3181e08e97
https://doi.org/10.1016/j.bja.2018.08.026
https://doi.org/10.1053/j.jvca.2019.06.047
https://doi.org/10.1016/S0140-6736(13)60808-9
https://doi.org/10.1016/S0140-6736(13)60808-9
https://doi.org/10.1186/s12871-015-0089-6
https://doi.org/10.1111/anae.13423
https://doi.org/10.1016/j.bja.2020.09.009
https://doi.org/10.1111/trf.12689
https://doi.org/10.1093/bja/aet068
https://doi.org/10.1056/NEJM199305133281902
https://doi.org/10.1016/j.bpa.2012.12.005
https://doi.org/10.1016/j.bpa.2012.12.005
https://doi.org/10.1097/ALN.0b013e3182054d06
https://doi.org/10.1111/tme.12476
https://doi.org/10.1111/tme.12476
https://doi.org/10.3389/fonc.2022.940428
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Weng et al.

42. Madjdpour C, Spahn DR, Weiskopf RB. Anemia and perioperative red
blood cell transfusion: A matter of tolerance. Crit Care Med (2006) 34(5 Suppl):
$102-8. doi: 10.1097/01.CCM.0000214317.26717.73

43. Hare G., Mazer C. D. (2021). Anemia: Perioperative risk and treatment
opportunity. Anesthesiology. 135(3): 520-530. doi: 10.1097/ALN.0000000000003870

44. Kim YW, Bae JM, Park YK, Yang HK, Yu W, Yook JH, et al. Effect of
intravenous ferric carboxymaltose on hemoglobin response among patients with

acute isovolemic anemia following gastrectomy: The FAIRY randomized clinical
trial. JAMA (2017) 317(20):2097-104. doi: 10.1001/jama.2017.5703

45. Baker L, Park L, Gilbert R, Ahn H, Martel A, Lenet T, et al. Intraoperative
red blood cell transfusion decision-making: A systematic review of guidelines. Ann
surg (2021) 274(1):86-96. doi: 10.1097/SLA.0000000000004710

46. Kougias P, Sharath S, Mi Z, Biswas K, Mills JL. Effect of postoperative
permissive anemia and cardiovascular risk status on outcomes after major general
and vascular surgery operative interventions. Ann surg (2019) 270(4):602-11. doi:
10.1097/SLA.0000000000003525

47. Gani F, Cerullo M, Ejaz A, Gupta PB, Demario VM, Johnston FM, et al.
Implementation of a blood management program at a tertiary care hospital: Effect

Frontiers in Oncology

18

10.3389/fonc.2022.940428

on transfusion practices and clinical outcomes among patients undergoing surgery.
Ann surg (2019) 269(6):1073-9. doi: 10.1097/SLA.0000000000002585

48. Althoff FC, Neb H, Herrmann E, Trentino KM, Vernich L, Fiillenbach C,
et al. Multimodal patient blood management program based on a three-pillar
strategy: A systematic review and meta-analysis. Ann surg (2019) 269(5):794-804.
doi: 10.1097/SLA.0000000000003095

49. Delaforce A, Duff ], Munday J, Hardy J. Overcoming barriers to evidence-
based patient blood management: A restricted review. Implementation Sci IS (2020)
15(1):6. doi: 10.1186/s13012-020-0965-4

50. Delaforce A, Duff J, Munday J, Hardy J. Preoperative anemia and iron
deficiency screening, evaluation and management: Barrier identification and
implementation strategy mapping. | Multidiscip healthcare (2020) 13:1759-70.
doi: 10.2147/JMDH.S282308

51. Pearse BL, Keogh S, Rickard CM, Fung YL. Barriers and facilitators to
implementing evidence based bleeding management in Australian cardiac surgery
units: A qualitative interview study analysed with the theoretical domains
framework and COM-b model. BMC Health Serv Res (2021) 21(1):550. doi:
10.1186/512913-021-06269-8

frontiersin.org


https://doi.org/10.1097/01.CCM.0000214317.26717.73
https://doi.org/10.1097/ALN.0000000000003870
https://doi.org/10.1001/jama.2017.5703
https://doi.org/10.1097/SLA.0000000000004710
https://doi.org/10.1097/SLA.0000000000003525
https://doi.org/10.1097/SLA.0000000000002585
https://doi.org/10.1097/SLA.0000000000003095
https://doi.org/10.1186/s13012-020-0965-4
https://doi.org/10.2147/JMDH.S282308
https://doi.org/10.1186/s12913-021-06269-8
https://doi.org/10.3389/fonc.2022.940428
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Anemia tolerance versus blood&#146;transfusion on long-term outcomes after colorectal cancer surgery: A&#146;retrospective propensity-score-matched analysis
	Introduction
	Materials and methods
	Study design
	Study population and data sources
	Variables and outcomes
	Statistical analysis

	Results
	Patient characteristics and outcome
	Kaplan–Meier survival and Cox regression proportional hazard survival for OS and DFS between preoperative anemia and non-preoperative anemia&#146;patients
	Kaplan–Meier Survival and Cox regression proportional hazard survival for OS and DFS in combined preoperative anemia and postoperative&#146;anemia
	Kaplan–Meier Survival and Cox regression proportional hazard survival for OS and DFS in combined preoperative anemia and transfusion

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


