
Gvirtzman et al. 
World Journal of Surgical Oncology          (2021) 19:341  
https://doi.org/10.1186/s12957-021-02452-7

RESEARCH

Anemia can predict the prognosis 
of colorectal cancer in the pre-operative stage: 
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Abstract 

Background:  Early detection of colorectal cancer (CRC) improves prognosis, yet many CRCs are diagnosed following 
symptoms. The aim of this study was to determine which CRC-related symptoms or signs can predict an advanced 
CRC in the pre-operative stage.

Methods:  Retrospective analysis of 300 patients who underwent surgery for CRC between the years 2008 and 2019. 
Patients’ symptoms prior to CRC diagnosis were documented. Primary endpoint was the association of signs or/and 
symptoms with CRC diagnosis at TNM stages of 2–4 (i.e., highly advanced), compared to TNM score of 0–1 (i.e., locally 
advanced).

Results:  Three hundred patients, 91 with locally advanced and 209 with highly advanced CRC, were enrolled. There 
was a significant correlation between highly advanced CRC, compared to locally advanced, regarding tumor size (4.8 
vs. 2.6 cm, p<0.001), presentation of any symptom prior to diagnosis (77% vs. 54%, p<0.001), anemia (46% vs. 29%, 
p=0.004), and severe anemia (17% vs. 4%, p=0.002). Mean hemoglobin was 12.2 ± 2.2 and 13.1 ± 1.8 in the highly 
advanced compared to locally advanced CRC, respectively, p<0.001. Anemia correlated with the T stage of the tumor: 
21% of patients diagnosed at stages 0–1 had anemia, 39% at stage 2, 44% at stage 3, and 66% at stage 4 (p=0.001).

Conclusions:  Anemia is the only finding that correlates with highly advanced CRC, in the pre-operative stage. 
When CRC has been diagnosed, the presence of anemia, at any level, may be considered in determining prognosis 
at the pre-operative stage. Physicians should be aware that when anemia is present, the risk for highly advanced CRC 
increases, and therefore should pursue with CRC detection.
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Background
Colorectal cancer (CRC) is the third most commonly 
diagnosed cancer in the world among men (10.6% of the 
total cases) and the second among women (9.4%). It is 
also the second leading cause of cancer death worldwide 
(9.4%) [1]. The prognosis of CRC depends mainly on the 

stage of the tumor at the time of detection. For example, 
the 5-year relative survival of patients diagnosed with 
CRC ranges from 90%, for patients detected at a local-
ized stage, to 11% for patients with distant tumor spread 
[2, 3]. CRC tumors progress slowly over years, from pre-
cancerous adenomas to invasive cancer [4]. This makes 
CRC highly suitable for screening programs, which aim 
to trace and remove pre-cancerous adenomas or early-
stage tumors. It has been established that, compared 
with symptom detected CRC, screening-detected CRC 
is associated with better prognosis [5, 6]. Unfortunately, 
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despite the widespread use of public screening programs, 
in most cases, the disease is diagnosed only after the 
onset of symptoms [7, 8]. Moreover, many of the CRC-
related symptoms, such as hematochezia, diarrhea, con-
stipation, loss of weight, and abdominal pain, are also 
common with benign conditions, and almost half of can-
cer patients present with non-specific symptoms prior to 
diagnosis [8, 9]. Given that most CRCs initially present 
with non-emergent symptoms, it has been suggested to 
base the efforts of early diagnosis not only on screening, 
but also on improved recognition of symptomatic cancer 
[10]. Symptom-based screening may be helpful for the 
diagnosis of any CRC, but high risk compared to low-
risk cancers are not specifically targeted. Previous stud-
ies have shown that hematochezia [9] and anemia [11, 12] 
are the presenting symptoms which have the highest pos-
itive predictive value (PPV) for detecting CRC, defining 
the stage of the tumor, and assessing the potential mor-
tality. Hematochezia is commonly associated with less 
advanced staging [13, 14] and reduced mortality, while 
anemia is associated with more advanced staging and 
higher mortality rates [10]. Preoperative anemia was also 
significantly associated with decreased long-term over-
all survival and disease-free survival [15]. As opposed to 
other CRC symptoms, which could be vague, anemia is 
easier to define and follow. It is important to understand 
which symptoms or signs can predict highly advanced 
CRC. A physician needs to know when to insist on per-
forming CRC screening and ensure compliance by the 
patient. We attempted to collectively assess all GI symp-
toms and signs related to CRC and prioritize them for 
risk of highly advanced CRC.

In this study, we checked which CRC-related symp-
toms or signs correlate with highly advanced CRC. These 
signs may assist the physician to allocate those patients 
that may need an urgent diagnosis and treatment. At the 
pre-operative stage, this may add in predicting the long-
term prognosis.

Methods
Patients and study design
A retrospective study of 300 patients was conducted 
at the Shaare Zedek Medical Center (SZMC) in Jeru-
salem, Israel, between the years 2008 and 2019. Inclu-
sion criteria included patients aged 50–75 years old 
who underwent surgery due to CRC. Exclusion crite-
ria were patients who did not undergo surgery, either 
due to metastatic disease or other background diseases, 
as well as patients who underwent endoscopic exci-
sion of a tumor and did not require additional surgery. 
Patients were divided into two groups: Patients with a 
TNM score of 2–4 were considered highly advanced, 

and patients with TNM 0–1 were considered locally 
advanced. The study protocol was approved by the local 
Helsinki committee.

Case definition
Colorectal cancer was defined as adenocarcinoma by a 
formal histopathological report. Each case had a com-
plete TNM scoring. The final TNM was given only after 
surgery and completion of cross-sectional imaging. 
Tumor location was categorized into proximal colon 
(cecum and ascending colon), transverse colon (hepatic 
flexure to splenic flexure), distal colon (descending 
colon to sigmoid), and rectum. In addition, we collected 
data on the tumor size (defined by the largest dimen-
sion of the tumor found during surgery) and whether 
the tumor was an obstructing tumor.

We recorded which CRC-related symptoms appeared 
at the time of diagnosis, according to the medical 
records of the hospital, from the following list: melena, 
hematochezia, significant loss of weight, constipation, 
diarrhea, chronic abdominal pain, and severe abdomi-
nal pain. Abdominal pain was defined as severe if the 
patient was referred to the emergency room because 
of it. Significant loss of weight was defined as an unin-
tentional loss of at least 5% of body weight within 6 
months. Other symptoms were recorded according 
to the patients’ reports. The hemoglobin level of each 
patient was documented from blood sample results 
taken the day before surgery. Anemia was defined as 
hemoglobin less than 13 g/dL in men, and hemoglobin 
less than 12 g/dL for women. Severe anemia was col-
lectively defined as any hemoglobin level below 10 g/
dL. Patients who were detected with CRC through the 
screening program only were considered asymptomatic.

Statistical analysis
Descriptive statistics were used to compare baseline 
demographic characteristics of both groups. Patients’ 
data and clinical parameters are given as means with 
standard deviation (SD). For categorical variables, 
results are reported as absolute numbers with popula-
tion proportions (percentages) in parenthesis or vice 
versa as indicated. To analyze differences in the distri-
bution of categorical data, the chi-square test or Fisher 
exact test was used, as appropriate. Continuous vari-
ables were analyzed by the t test or the Mann-Whitney 
U test for normally or non-normally distributed vari-
ables, respectively. P values <0.05 were considered to 
indicate statistical significance. All statistical analyses 
were conducted using the SPSS 21.0 software (SPSS, 
Chicago, IL).
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Results
Comparison between locally and highly advanced CRC 
characteristics
Three hundred cases were studied, 91 locally advanced 
and 209 highly advanced CRC. Age and gender distri-
butions were similar among both groups. In the highly 
advanced vs. locally advanced group, the tumors were 
more likely to be in the transverse and distal colon, larger, 
cause obstruction, and have an elevated CEA (Table  1). 
The highly advanced compared to locally advanced 
patients were less likely to be asymptomatic when first 
diagnosed (22.5% vs. 46%, p <0.001, respectively). Ane-
mia and severe anemia prior to surgery were more com-
mon in highly advanced vs. locally advanced CRC (46.4% 
and 17% vs. 28.6% and 4%, p=0.004 and p=0.002, respec-
tively) (Fig. 1).

The correlation between CRC symptoms and advanced 
CRC​
Two hundred eleven patients (70% of all CRC cases) suf-
fered from disease-related symptoms prior to diagno-
sis. 76.8% of the patients who suffered from at least one 
symptom prior to diagnosis, were diagnosed with highly 
advanced CRC, while 23.8% of them had locally advanced 
CRC, p<0.001. When comparing each symptom sepa-
rately, only severe abdominal pain and hematochezia 
were significantly different between the highly advanced 
and locally advanced groups (100% vs. 0% and 63.9% 
vs. 36.1%, p<0.001, respectively) (Table  2). All other 

symptoms were not associated with an increased risk for 
highly advanced CRC.

The association between preoperative anemia, TNM stage, 
and other clinicopathological characteristics
One hundred twenty-three patients (41%) had preop-
erative anemia. The age and sex distribution were not 
significantly different between the anemic and non-
anemic patients. In the anemia group, more patients 
were diagnosed with highly advanced cancer (78.9% vs. 
63.3%, p=0.004), proximal disease, larger and obstruc-
tive tumors (Table  3). When examining the percentage 
of anemic patients for each TNM score separately, we 
found that there is a prominent upward trend in TNM 
stages 0–2, that steadies and even turns downward in 
TNM stages 3–4: 22% of stage 0 cases were anemic, 30% 
of stage 1, 52% of stage 2, 42% of stage 3, and 44% of stage 
4 (p=0.034). However, when examining T score only, in a 
similar way, the trend remains upward from T stage 1 to 
4, with 21% anemic at stages 0–1, 39% at stage 2, 44% at 
stage 3, and 66% at stage 4 (p=0.001) (Fig. 2).

Discussion
Previous studies have examined the relation between 
symptoms associated with CRC, tumor staging, and 
long-term prognosis. Studies that compared screening-
detected CRC and symptom-related CRC, showed a 
significant survival advantage of the former group [16, 
17], demonstrating the importance of early CRC diag-
nosis. We found that only 30% of the cases included in 

Table 1  Clinicopathological characteristics of the study cohort, in patients with locally advanced and highly advanced CRC​

Anemia—HgB < 13 g/dL for male or HgB < 12 g/dL for female; severe anemia—HgB < 10 g/dL

CRC​ colorectal cancer, HgB hemoglobin, CEA carcinoembryonic antigen

Characteristics Locally advanced CRC (N 
= 91)

Highly advanced CRC (N = 
209)

P value

Age (years), mean ± SD 63.7 ± 6.7 63.4 ± 7.1 0.684

Gender—female, n (%) 48 (53%) 91 (44%) 0.149

Tumor location Proximal colon 20 (22%) 43 (21%) 0.002

Transverse colon 11 (12%) 49 (23%)

Distal colon 31 (34%) 87 (42%)

Rectum 29 (32%) 28 (13%)

Multifocal 0 2 (1%)

Tumor size (cm), mean ± SD 2.58 ± 1.59 4.83 ± 2.36 p<0.001

Obstructing tumor 1 (1.1%) 56 (27%) p<0.001

Symptoms Asymptomatic 42 (46%) 47 (22.5%) p<0.001

Symptomatic 49 (54%) 162 (77.5%)

CEA > 5 (ng/ml), n (%) 5 (9%) 47 (34%) 0.0013

HgB (g/dL), mean ± SD 13.1 ± 1. 8 12.2 ± 2.2 p<0.001

Anemia, n (%) 26 (28.6%) 97 (46.4%) 0.004

Severe anemia, n (%) 4 (4%) 35 (17%) 0.0021
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the study were asymptomatic and diagnosed through our 
CRC screening program. Symptoms associated with CRC 
tend to be vague and non-specific within the population, 
and therefore their diagnostic value is low. Out of the 
various symptoms examined in different studies, hema-
tochezia [9] and anemia [11] stand out as the symptoms 
with the highest diagnostic value, regardless of age and 
other medications. Anemia was also shown to correlate 
with poor prognosis, but this was not compared to all 
other CRC-related symptoms. Unlike prior studies, our 
study did not examine symptoms as a predictive value 
for the presence of CRC, but rather for the severity of 
CRC. Similar to other studies [10], our results show that 
the prognostic value of most symptoms is not significant. 

When examining each of the symptoms separately, we 
discovered that only hematochezia and severe abdomi-
nal pain were statistically significant predicting factors of 
the TNM staging. Hematochezia stands out in previous 
studies [13, 14], and in this study as well, as a predictor 
of a better TNM stage. Yet, hematochezia is a somewhat 
problematic feature because it is associated with rectal 
cancer [13], in which neoadjuvant therapy is often given 
before surgery. Since the staging is defined only after 
surgery and is affected by the treatment given before the 
surgical treatment, it is not surprising that in many stud-
ies hematochezia is associated with a better TNM result. 
Thus, although hematochezia has a high value as a “red 
flag” in primary care which requires further inspection 

Fig. 1  Percentage of anemia in the highly advanced CRC vs. locally advanced CRC groups. Both anemia and severe anemia, prior to surgery, were 
more common in the highly advanced CRC group compared to the locally advanced CRC group (46.4% vs. 28.6% and 17% vs. 4%, p=0.004 and 
p=0.002, respectively), demonstrating the correlation between preoperative anemia, at any level, and more advanced disease. CRC, colorectal 
cancer; Anemia—HgB < 13 g/dL for male or HgB < 12 g/dL for female; severe anemia—HgB < 10 g/dL

Table 2  Correlation between CRC symptoms and TNM staging

CRC​ colorectal cancer

Symptoms Number of cases (% of all 
symptomatic cases)

Locally advanced CRC, n (% 
within reported symptom)

Highly advanced CRC, n (% 
within reported symptom)

P value

Any symptoms 211 (100%) 49 (23.2%) 162 (76.8%) p<0.001

Melena 12 (5.7%) 3 (25%) 9 (75%) 0.881

Hematochezia 83 (39.3%) 30 (36.1%) 53 (63.9%) p<0.001

Significant loss of weight 21 (10%) 3 (14.3%) 18 (85.7%) 0.418

Constipation 35 (16.6%) 5 (14.3%) 30 (85.7%) 0.170

Diarrhea 35 (16.6%) 8 (22.9%) 27 (77.1%) 0.955

Chronic abdominal pain 38 (18%) 6 (15.8%) 32 (84.2%) 0.231

Severe abdominal pain 27 (12.8%) 0 (0%) 27 (100%) 0.002
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[12], its value as a symptom that accurately predicts prog-
nosis is questionable and requires additional research. In 
addition, we found that all cases, in which a symptom of 
severe abdominal pain appeared, were associated with 
highly advanced CRC. These findings corroborate other 
studies [18, 19], which showed that emergent presenta-
tion of CRC was in correlation with more advanced his-
topathologic features, and therefore emphasize as well 
the significance of early diagnosis.

As opposed to most non-specific symptoms, anemia 
stands out as a laboratory finding, easy to measure and 
compare between patients worldwide, with a higher PPV 
of CRC relative to other symptoms [11]. Preoperative 
anemia is an effective and reliable tool for assessing prog-
nosis via TNM staging, as it was also established in previ-
ous studies [15, 20, 21]. Our research shows that anemia 
as a whole, and specifically severe anemia is important 
for predicting highly advanced cancer. Anemia in CRC 
patients originates not only from occult or visible bleed-
ing from the tumor itself, but also from a systemic inflam-
matory response [22]. We showed that there was a large 
difference in the proportion of anemic cases for TNM 
stages 0–2, while there was no significant difference 
when reaching TNM stages 3 and 4. Yet, when examin-
ing the T stage alone, the upward trend in the propor-
tion of anemic cases remained throughout the ranking. 
This indicates that the presence of anemia is mainly due 
to the tumor penetration into nearby tissues and is less 
affected by the lymphatic and metastatic spread, which is 
defined as TNM stages 3 and 4. We found that whereas 
in patients presenting with anemia, where tumors tended 
to be located in the right colon, the tumors found in non-
anemic patients were more likely to be located in the 

distal colon. Interestingly, unlike other studies [20, 23], in 
our study, the percent of rectal tumor cases was similar in 
both the anemic and the non-anemic groups. In addition, 
we found that anemia cases were associated with larger 
tumor size and a higher chance of an obstructing tumor, 
both of which are also associated with worse prognosis 
[24, 25].

In conclusion, we found that patients with highly 
advanced CRC are different from patients with locally 
advanced CRC not only in several parameters of tumor 
location and size, but also in characteristics which can 
be identified before surgery. Thus, patients with more 
advanced cancer tend to be more symptomatic before 
diagnosis, and with a higher percentage of anemia. In 
contrast to most of the clinically manifested symptoms, 
we found a consistent association between the preop-
erative hemoglobin level and the TNM score. The higher 
the TNM stage, the higher the likelihood of preoperative 
anemia. This trend was even more pronounced when 
examining the T stage separately. We have shown that 
anemia, as opposed to all other symptoms, was the only 
finding to clearly correlate with highly advanced CRC. 
The primary care physician should be aware that when 
anemia is present, the risk for highly advanced CRC 
increases, and therefore should insist to pursue with CRC 
detection. When CRC has been diagnosed, the presence 
of anemia, of any level, may be considered determining 
prognosis at the pre-operative stage.

Several limitations should be considered regarding the 
current study. First, it was conducted on a relatively small 
sample of 300 patients, all of them from a single medical 
center; thus, the impact of the results on diverse popu-
lations should be considered cautiously. Second, the data 

Table 3  Comparison between patients with and without preoperative anemia to CRC clinicopathological characteristics

Anemia—HgB < 13 g/dL for male or HgB < 12 g/dL for female

CRC​ colorectal cancer

Characteristics No anemia (N = 177) Anemia (N = 123) P value

Age (years), mean ± SD 63.15 ± 6.7 64.02 ± 7.3 0.291

Gender—female, n (%) 88 (49.7%) 51 (41.5%) 0.159

TNM stage, categorized Locally advanced CRC​ 65 (36.7%) 26 (21.1%) 0.004

Highly advanced CRC​ 112 (63.3%) 97 (78.9%)

Tumor location Proximal colon 28 (15.8%) 35 (28.4%) 0.016

Transverse colon 32 (18.1%) 28 (22.8%)

Distal colon 81 (45.8%) 37 (30.1%)

Rectum 35 (19.8%) 22 (17.9%)

Multifocal 1 (0.5%) 1 (0.8%)

Tumor size (cm) ± SD 3.59 ± 2.03 4.95 ± 2.64 p<0.001

Obstructing tumor, n (%) 25 (14.1%) 32 (56.1%) 0.010

Symptoms Asymptomatic 69 (39%) 20 (16.3%) p<0.001

Symptomatic 108 (61%) 103 (83.7%)
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on patients’ symptoms was retrospectively taken from 
patients’ reports, as documented in the hospital medical 
reports. It is not unlikely that some of the symptoms may 
have been not adequately reported either by the patients 
themselves or by the physicians. Also, since the docu-
mentation was performed at the time of admission, which 
in most of the cases occurred following diagnosis of CRC, 
it is possible that the medical staff did not see paramount 
importance in documenting the symptoms accurately, 
including symptom duration. Yet, the main findings of 
the study are based on well-documented numerical data, 
such as blood test results in terms of anemia, and tumor 
staging and characteristics which originated from reliable 
histopathological reports and CT scans.

In summary, any level of anemia, but no other GI 
symptom, correlates with highly advanced CRC and 
poor prognosis. The physician should acknowledge this 
for prioritizing patients for CRC screening. Anemia 
should also be considered as an integrated part of the 
pre-operative staging assessment for CRC.
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