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Abstract
Background: Anemia, a common complication of cancer and its treatments, significantly affects cancer
patients’ survival and quality of life. Nevertheless, there is limited research conducted in the southern
region of Saudi Arabia regarding its effects. This study aims to assess the prevalence of anemia, as well as its
associated factors, among cancer patients undergoing active chemotherapy treatment.

Method: This retrospective study analyzed adult cancer patients who underwent chemotherapy at King
Khaled Hospital's oncology department in Najran, Saudi Arabia, between 2017 and 2022. We aimed to
determine the prevalence and contributing factors of anemia through comprehensive demographic and
clinical assessment. Univariate analysis was performed to assess factors necessitating blood transfusion.

Result: A total of 95 cancer patients received chemotherapy, with a mean age of 52.2 ± 16.5 years. The
majority were females (65.3%) aged between 18 and 64 years (74.7%). Gastrointestinal (42.1%) and breast
(17.9%) cancers were the most prevalent malignancies. Most patients (56.8%) were in locally advanced
stages. Anemia was present at admission in 48 (50.5%) patients with a higher prevalence among colorectal
and genitourinary tract cancer patients. The mean hemoglobin (Hb) drop during treatment was 9.1 ± 2.1
g/dL. Anemia severity was stratified as follows: life-threatening (7.4%), severe (33%), moderate (31%), and
lower limited (29%). Blood transfusions were required in 79% of cases. Advanced age, increased
chemotherapy cycles, and anemia of chronic disease (ACD) were significantly associated with increased
anemia severity (p<0.05). Increasing chemotherapy cycles also correlated with an increased need for blood
transfusion (p<0.001). Older patients (≥65 years) had higher anemia at admission, poor Eastern Cooperative
Oncology Group (ECOG) performance status, more Hb decrease during treatment, and increased need for
blood transfusions (p<0.05) compared to younger patients (<65 years).

Conclusion: The study noted a high prevalence of anemia (50.5%) in patients receiving active cancer
treatment, specifically in the context of genitourinary and gastrointestinal tract cancers. Advanced age,
frequent chemotherapy cycles, and ACD were associated with increased severity of anemia. Furthermore,
older patients displayed a higher frequency of anemia, poorer performance status, and an increased
requirement for transfusions with an escalating number of chemotherapy cycles.

Categories: Oncology, Other, Hematology
Keywords: saudi arabia, associated factors, prevalence, cancers, chemotherapy, anemia

Introduction
Cancer continues to emerge as a prominent global cause of mortality [1]. The incidence and death rates have
witnessed a worrisome upward trajectory, with more than 19 million new cases and 609,820 deaths reported
in 2023. This reflects a significant increase of more than 5 million cases and 2 million deaths compared to
the statistics reported in 2012 [2,3]. Unfortunately, these figures are projected to escalate further to an
estimated 23.6 million new cases by 2030 [3]. Despite continuous research endeavors, improved healthcare
accessibility, and the advent of innovative treatment modalities, the incidence of cancer persistently rises
[4]. This can be partly attributed to aging populations, prolonged exposure to carcinogenic substances, and
various socioeconomic factors [1,3]. While chemotherapy has indisputably demonstrated clinical benefits in
limiting cancer progression and inducing its remission, it is not devoid of risks and adverse events [5]. These
adverse effects encompass various toxicities that can manifest acutely or chronically, affecting systems such
as the gastrointestinal, cardiac, and neurological systems. Additionally, chemotherapy-induced
myelosuppression presents deleterious effects on the bone marrow, impacting all cellular lineages [6].
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Notably, chemotherapy-induced anemia (CIA) has recently received heightened attention. Pooled evidence
indicates that anemic cancer patients experience worse outcomes and poorer survival rates [7]. Furthermore,
optimizing the hematological profile of cancer patients has been proposed as a means to enhance their
quality of life while simultaneously reducing healthcare expenses [8]. Previous research endeavors have
aimed to identify significant determinants of CIA, including initial hemoglobin (Hb) levels, BMI, body
surface area, age, glomerular filtration rate, the utilization of specific myelotoxic drugs (such as taxanes,
high-dose anthracyclines, platinum compounds, or gemcitabine-based chemotherapy), and gender
disparities [9-11]. Despite the critical role of CIA in cancer outcomes, it has not received adequate
consideration as a prevalent and detrimental issue among cancer patients. To date, comprehensive studies
assessing the optimal approach, risk classification and stratification, and therapeutic targets for CIA remain
lacking [9,12].

In light of the previously reported elevated incidence rates and the limited research conducted in the specific
region, our study aimed to bridge this knowledge gap and make a significant contribution to healthcare
advancements at King Khaled Hospital, Najran City, Saudi Arabia (KKHN). Our primary focus was to examine
and evaluate the prevalence of anemia among cancer patients undergoing active chemotherapy treatment.
Through this investigation, we sought to bring attention to this urgent matter and provide valuable insights
that can improve the monitoring and management of patients.

Materials And Methods
Study design
This study was conducted within the oncology department of KKHN and involved a retrospective chart
review of chemotherapy recipients for a period of five years from Jun 2017 to October 2022. The ethical
approval for the study was obtained through the Institutional Review Board of KKHN (H-l1-N-081), adhering
to the ethical principles of the Helsinki Declaration.

Inclusion criteria
All adult cancer patients who were pathologically confirmed and treated with chemotherapy in our center
and complete clinical data and follow-up information were included.

Exclusion criteria
This study excluded cancer patients who were not recipients of chemotherapy, individuals who missed their
follow-up appointments, or those who underwent surgical procedures.

Data collection
Data regarding patient demographics such as age and gender, tumor pathological type, site of cancer, stage,
history of cardiac illness, history of iron supplement consumption, ECOG performance status, history of
previous bleeding, endoscopy and colonoscopy records, palliative care received, treatment modalities,
chemotherapy cycles number, Hb drop during treatment, need for blood transfusion, anemia treatment, and
laboratory data including complete blood cell count, mean corpuscular volume (MVC), mean corpuscular Hb
(MCH), total iron binding capacity (TIBC), Hb (g/dL), ferritin level, serum iron (mcg/dL), cobalamin (B12)
(pg/mL), type of anemia, the trigger Hb level for initiating treatment were collected from the electronic
medical records. A standardized data collection sheet was utilized for this purpose.

Outcome
The main outcomes of interest were the prevalence and severity of anemia and the identification of
associated factors. Additionally, the correlation between the need for blood transfusion and the number of
chemotherapy cycles was examined. A comparison between older (≥65 years) and middle-aged cancer
patients (<65 years) was also conducted.

Definition
Anemia in this study was classified according to the National Cancer Institute Anemia Scale, which
categorizes anemia into different grades based on Hb levels. Grade 0 represents normal ranges (12-16 g/dL
for females, 14-18 g/dL for males). Anemia was graded as follows: mild "Grade 1" (10-12 g/dL for women, 10-
14 g/dL for men), moderate "Grade 2" (8-10 g/dL), severe "Grade 3" (6.5-8 g/dL), life-threatening "Grade 4"
(<6.5 g/dL), and "Grade 5" corresponds to death [13]. The drop in Hb was defined as the baseline Hb level
minus the Hb level at first transfusion was collected from the electronic medical records.

Statistical analysis
The data analysis was conducted using SPSS Statistics version 22 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). The study utilized both quantitative and
qualitative data, for which means and standard deviations were used to present quantitative data, while
frequencies and percentages were reported for qualitative variables. To confirm normality, the Smirnov-
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Kolmogorov test was employed. For comparing continuous data, independent samples t-test or Mann-
Whitney test was utilized, while categorical variables were compared using chi-square or Fisher's exact test.
In order to identify independent risk factors associated with mortality, univariate analysis was performed,
and OR with 95% CI was reported to determine the effect size. A significance level of p <0.05 was chosen for
statistical analysis.

Results
Demographic characteristics
We included a total of 95 chemotherapy-recipient cancer patients, with a mean age of 52.2 ± 16.5 years
(minimum: 18 years - maximum: 86 years). The majority of patients (74.7%) fell within the age range of 18-
64 years, and most of them were female (65.3%). A history of anemia at admission was observed in 48
(50.5%) patients. Gastrointestinal (42.1%) and breast (17.9%) cancers were the most prevalent malignancies.
A significant proportion of patients (56.8%) were in locally advanced stages. History of heart disease,
bleeding, and previous endoscopy or colonoscopy were reported in 24.4%, 29.5%, and 37% of patients,
respectively. Table 1 provides detailed demographic characteristics of the patients.
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Characteristic Subgroups N (%)

Age (year)

Mean± SD 52.2 ± 16.5 (min:18 - max:86)

Between 18-64 years 71 (74.7)

65 years or more 24 (25.3)

Gender
Male 33 (34.7)

Female 62 (65.3)

History of anemia at admission
Yes 48 (50.5)

No 47 (49.5)

Main symptoms

Fatigue 38 (40)

Palpitations 24 (25.3)

None 17 (17.9)

Dizziness 16 (16.8)

Site of cancer

Gastrointestinal cancer 40 (42.1)

Breast cancer 17 (17.9)

Urologic cancer 14 (14.7)

Hematologic cancer 6 (6.3)

Head and neck cancer 5 (5.3)

Sarcoma cancer 5 (5.3)

Thyroid cancer 4 (4.2)

Gynecological cancer 3 (3.2)

Lymphoma 1 (1.1)

Cancer stage
Locally advanced 54 (56.8)

Early stage 41 (43.2)

History of cardiac illness - 23 (24.4)

Bleeding history - 28 (29.5)

History of Iron supplement intake - 16 (17)

History of darbepoetin alpha intake - 54 (56.8)

ECOG performance status
Low Grades (0, 1, and 2) 51 (53.7)

High Grades (3, 4, and 3) 44 (46.3)

History of endoscopy or colonoscopy - 35 (37)

TABLE 1: Prevalence of anemia and its associated factors among cancer patients treated at KKHN
from January 2017 to February 2022 (n = 95)
ECOG: Eastern Cooperative Oncology Group

Laboratory data and needs for blood transfusion during chemotherapy
treatment
The mean decrease in Hb (g/dL) during treatment was 9.1 ± 2.1 (minimum: 4.1, maximum: 15). Anemia was
categorized as life-threatening (<6.5 g/dL) in seven (7.4%) cases, severe (6.5-8 g/dL) in 31 (33%) cases,
moderate (8-10 g/dL) in 29 (31%) cases, and mild (≥10 g/dL) in 28 (29%) cases. MVC was low in 49 (52%)
cases, while total serum iron binding capacity was high in 73% of cases. Serum iron (mcg/dL) was low in 46

2023 Badheeb et al. Cureus 15(7): e42400. DOI 10.7759/cureus.42400 4 of 11



(48%) cases, and serum ferritin (ng/mL) levels were high in 73 (77%) cases. ACD accounted for the majority
of cases (74%). In Table 2, we summarized the laboratory findings of our patients.

Variables Subgroups N (%)

MCH

Normal 41 (43%)

Low 47 (49%)

High 7 (7.4%)

MCV

Normal 42 (44%)

Low 49 (52%)

High 4 (4.2%)

RDW%
Normal 20 (21%)

High 75 (79%)

Hb (g/dL)

Mean± SD 9.1 ± 2.1 (in:4.1, max:15)

Life-threatening (< 6.5) 7 (7.4%)

6.5-8 31 (33%)

8-10 29 (31%)

≥10 28 (29%)

Serum Iron (mcg/dL)
low 46 (48%)

High or NL 49 (52%)

TIBC (mcg/dL)

Low 25 (26%)

Not done 1 (1.1%)

High or normal 69 (73%)

Ferritin (ng/mL)

Low or normal 21 (22%)

Not done 1 (1.1%)

High 73 (77%)

Cobalamin (B12) (pg/mL)
Not done 1 (1.1%)

High or NL 94 (99%)

Anemia type

ACD 70 (74%)

Multi-factorial anemia 16 (17%)

Iron def anemia 7 (7.4%)

Megaloblastic anemia 2 (2.1%)

Blood transfusion during treatment
Yes 75 (79%)

No 20 (21%)

Treatment modality

Chemotherapy 42 (44%)

Immunotherapy and chemotherapy 6 (6.3%)

Multimodalities* 47 (49%)

Number of chemotherapy cycle
<7 57 (60%)

≥7 38 (40%)

TABLE 2: Laboratory data and blood transfusion need during cancer patients' treatments
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MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, RDW: red cell distribution width, TIBC: total iron binding
capacity, Hb: hemoglobin, ACD: anemia of chronic disease 

*Multimodalities include chemotherapy, radiotherapy, surgery, and/or hormonal therapies

Blood transfusions were required in 75 (79%) cases, with the majority of patients (60%) needing fewer than
seven blood transfusions during the treatment period. The indication for blood transfusion, according to
KKHN policy, was a Hb level lower than 7 g/dL to maintain Hb within (7-9 g/dL) range in 55.9% of cases. The
interval between transfusions was less than one week in 37.5% of cases, between one and four weeks in
12.5% of cases, and more than one month in 25.0% of cases.

Comparison between older (≥65 years) and younger age (<65 years)
cancer patients
We noticed that older cancer patients had a higher prevalence of a history of anemia at admission (p=0.039),
were more likely to be in palliative care (p=0.009), had a poorer ECOG performance status (p=0.029),
required more blood transfusions (p=0.011), and had more Hb decrease levels (g/dL) during treatment
(p=0.020) compared to younger patients (<65 years). These differences were found to be statistically
significant, as presented in Table 3.

Characteristic Subgroups Total <65 years ≥65 years p-value*

Gender
Male 33 (34.7) 22 (31.0) 11 (45.8)

0.283
Female 62 (65.3) 49 (69.0) 13 (54.2)

History of anemia at admission
No 47 (49.5) 40 (56.3) 7 (29.2)

0.039
Yes 48 (50.5) 31 (43.7) 17 (70.8)

Main symptom

None 17 (17.9) 12 (16.9) 5 (20.8)

0.339
Palpitations 24 (25.3) 15 (21.1) 9 (37.5)

Dizziness 16 (16.8) 13 (18.3) 3 (12.5)

Fatigue 38 (40.0) 31 (43.7) 7 (29.2)

Cancer site

Gynecological cancer 3 (3.2) 2 (2.8) 1 (4.2)

0.443

Gastrointestinal cancer 40 (42.1) 30 (42.3) 10 (41.7)

Urologic cancer 14 (14.7) 11 (15.5) 3 (12.5)

Breast cancer 17 (17.9) 14 (19.7) 3 (12.5)

Lymphoma 1 (1.1) 0 (0.0) 1 (4.2)

Head and neck cancer 5 (5.3) 5 (7.0) 0 (0.0)

Hematologic cancer 6 (6.3) 3 (4.2) 3 (12.5)

Sarcoma 5 (5.3) 3 (4.2) 2 (8.3)

Thyroid cancer 4 (4.2) 3 (4.2) 1 (4.2)

Cancer stage
Early stage 41 (43.2) 29 (40.8) 12 (50.0)

0.586
Locally advanced 54 (56.8) 42 (59.2) 12 (50.0)

Cardiac illness
No 72 (75.8) 53 (74.6) 19 (79.2)

0.864
Yes 23 (24.2) 18 (25.4) 5 (20.8)

Bleeding history
No 67 (70.5) 54 (76.1) 13 (54.2)

0.076
Yes 28 (29.5) 17 (23.9) 11 (45.8)

Palliative care
No 60 (63.2) 39 (54.9) 21 (87.5)

0.009
Yes 35 (36.8) 32 (45.1) 3 (12.5)
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Iron intake
No 79 (83.2) 60 (84.5) 19 (79.2)

0.773

Yes 16 (16.8) 11 (15.5) 5 (20.8)

Darbepoetin alpha intake
Yes 54 (56.8) 43 (60.6) 11 (45.8)

0.307
No 41 (43.2) 28 (39.4) 13 (54.2)

ECOG performance status
Low grades 51 (53.7) 33 (46.5) 18 (75.0)

0.029
High grades 44 (46.3) 38 (53.5) 6 (25.0)

Number of chemotherapy cycle
Less than 7 57 (60.0) 46 (64.8) 11 (45.8)

0.162
More than 7 38 (40.0) 25 (35.2) 13 (54.2)

Number of transfusions Mean (SD) 1.2 (2.0) 0.9 (1.4) 2.1 (3.0) 0.011

Lower Hb (g/dL) during treatment

Life-threatening (<6.5) 7 (7.4) 3 (4.2) 4 (16.7)

0.02
6.5-8 31 (32.6) 22 (31.0) 9 (37.5)

08-Oct 29 (30.5) 27 (38.0) 2 (8.3)

More than 10 28 (29.5) 19 (26.8) 9 (37.5)

TABLE 3: Comparison between old and middle age cancer patients
ECOG: Eastern Cooperative Oncology Group, Hb: hemoglobin

*p-values of < .05 were considered significant

Factors associated with anemia severity in chemotherapy recipients
The analysis demonstrated that older age (p=0.011), an increased number of chemotherapy cycles (p<0.001),
and the presence of ACD (p=0.001) were significantly associated with greater severity of anemia during
treatment. Detailed results are shown in Table 4.

Characteristic <6 g/dL, 7 (7.4%) 6.5-8 g/dL, 31 (33%) 8-10 g/dL, 29 (31%) ≥ 10 g/dL, 28 (29%) p-value*

Age group     

0.01118-64 3 (43%) 22 (71%) 27 (93%) 19 (68%)

65 or more 4 (57%) 9 (29%) 2 (6.9%) 9 (32%)

Gender     

0.98Male 2 (29%) 10 (32%) 11 (38%) 10 (36%)

Female 5 (71%) 21 (68%) 18 (62%) 18 (64%)

Anemia at admission 3 (43%) 13 (42%) 18 (62%) 14 (50%) 0.45

Cancer type     

0.167

Gynecological cancer 1 (14%) 0 (0%) 1 (3.4%) 1 (3.6%)

Gastrointestinal cancer 0 (0%) 14 (45%) 14 (48%) 12 (43%)

Urologic cancer 1 (14%) 7 (23%) 2 (6.9%) 4 (14%)

Breast cancer 2 (29%) 5 (16%) 7 (24%) 3 (11%)

Lymphoma 0 (0%) 0 (0%) 0 (0%) 1 (3.6%)

Head and neck cancer 1 (14%) 3 (9.7%) 0 (0%) 1 (3.6%)

Hematologic cancer 0 (0%) 0 (0%) 3 (10%) 3 (11%)

Sarcoma 2 (29%) 1 (3.2%) 1 (3.4%) 1 (3.6%)

Thyroid cancer 0 (0%) 1 (3.2%) 1 (3.4%) 2 (7.1%)
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Cancer stage     

0.268Early stage 2 (29%) 10 (32%) 16 (55%) 13 (46%)

Locally advanced 5 (71%) 21 (68%) 13 (45%) 15 (54%)

Cardiac illness 2 (29%) 4 (13%) 9 (31%) 8 (29%) 0.31

Bleeding history 1 (14%) 13 (42%) 4 (14%) 10 (36%) 0.066

Palliative care 2 (29%) 13 (42%) 11 (38%) 9 (32%) 0.84

Iron intake 2 (29%) 4 (13%) 3 (10%) 7 (25%) 0.34

Darbepoetin alpha intake 5 (71%) 17 (55%) 16 (55%) 16 (57%) 0.91

ECOG performance status     

0.56Low (grades 0, 1, and 2) 3 (43%) 14 (45%) 17 (59%) 17 (61%)

High (grades 3, 4, and 5) 4 (57%) 17 (55%) 12 (41%) 11 (39%)

Number of chemotherapy cycle     

<0.001Less than 7 0 (0%) 0 (0%) 29 (100%) 28 (100%)

More than 7 7 (100%) 31 (100%) 0 (0%) 0 (0%)

Anemia type     

0.001

ACD 2 (28.6) 17 (54.8) 27 (93.1) 24 (85.7)

Multi-factorial anemia 3 (42.9) 11 (35.5) 1 (3.4) 1 (3.6)

Iron def anemia 2 (28.6) 2 (6.5) 1 (3.4) 2 (7.1)

Megaloblastic anemia 0 (0.0) 1 (3.2) 0 (0.0) 1 (3.6)

TABLE 4: Factors associated with anemia severity in chemotherapy cancer patients
ECOG: Eastern Cooperative Oncology Group, ACD: anemia of chronic disease

*p-values of <0.05 were considered significant

Correlation between the need for blood transfusion and chemotherapy
cycle numbers
Our analysis showed that with the increased number of chemotherapy cycles, the need for blood transfusion
was increased (p <0.001), as shown in Table 5.

Number cycle Blood transfusion (N=75) No blood transfusion (N=20) p-value*

Less than seven cycles 38.0 (50.7%) 19.0 (95.0%)
<0.001

More than seven cycles 37.0 (49.3%) 1.0 (5.0%)

TABLE 5: Correlation between the need for blood transfusion and chemotherapy cycle numbers
*p-values of <0.05 were considered significant

Discussion
Anemia remains a significant and under-recognized issue among cancer patients, warranting attention and
further investigation. The management of anemia in this specific population presents challenges due to the
multifactorial nature of hematological abnormalities, which can arise from various factors including cancer
progression, associated inflammatory processes, chemotherapy regimens, coagulopathies, bleeding
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disorders, hemolysis, reduced oral intake, or presence of paraneoplastic syndromes [14]. In this particular
study, we conducted a comprehensive assessment of 95 cancer patients at KKHN to determine the
prevalence of anemia in this cohort. Our findings revealed that 50.5% of our patients had anemia across
different tumor types. This rate slightly exceeds the figures reported in previous studies conducted within
Saudi Arabia (44%) [14], as well as in Turkey (49.7%) [15]. Furthermore, our findings suggest a higher
prevalence of anemia compared to a study by Cheng et al., which reported a rate of 18% among Chinese
patients [16]. Nevertheless, when comparing our results with available data from Europe and India, our
findings indicate a relatively lower prevalence of anemia, with rates of 54.4% [17] and 54.7% [18],
respectively. It is important to note that these variations in prevalence rates may stem from inconsistencies
in anemia definitions and classifications utilized across studies. Additionally, the inclusion criteria employed
in published studies often fail to account for pre-existing anemia or comorbid conditions, thereby
contributing to discrepancies in reported rates.

Gastrointestinal cancer (42.1%) emerged as the most prevalent malignancy in our cohort, followed by breast
cancer (17.9%). These findings align with two studies from Saudi Arabia and Ethiopia, which reported the
highest prevalence of anemia among breast and colorectal cancer patients [14,19]. Wu et al. reported breast
cancer (19.5%) as the most common malignancy among anemic cancer patients; however, colorectal cancer
(11.9%) was preceded by non-small cell lung cancer (14.9%) [11]. The disparities in prevalence rates
observed between our study and these other investigations are minimal and may be attributed to the
relatively small sample size in our cohort or, to a greater extent, the higher prevalence of gastrointestinal
malignancies in Saudi Arabia [20]. In line with prior reports [14], we observed a higher incidence of anemia
among patients with colorectal cancers and urologic genital tract carcinomas. These findings can be
anticipated, as disruptions in the normal functioning of the gastrointestinal and urinary tracts may result in
asymptomatic blood loss [14,21], However, it is important to note that these associations were not
universally observed, as a higher incidence of CIA among patients with lung and ovarian malignancies was
also reported [22]. These observations may suggest an underlying inflammatory nature of anemia in cancer
patients, which may be suggested by the significantly high rates of ACD in our cohort. While inflammation
appears to be a leading cause of anemia, it is crucial to acknowledge that alternative etiologies, such as
hemolysis, bone marrow suppression, or malnutrition, may influence the progression of anemia [14].
Furthermore, the majority of cases in our cohort exhibited blood profiles indicative of hypochromic (49%)
and microcytic (52%) anemias. These findings align with the observations of Kifle et al. [19], while a Chinese
study reported a higher incidence of normocytic anemias (68.6%) [23]. Collectively, these lines of evidence
serve to bolster our earlier assertion regarding the multifactorial nature of anemia in cancer patients. These
findings indicate that anemia in this population arises from a complex interplay of various mechanisms,
contributing to its onset and progression.

Our analysis revealed several significant findings regarding the differences between older (≥65 years) and
younger cancer patients (<65 years). Older patients had a higher frequency of having a history of anemia at
admission, being in palliative care, having a poor ECOG performance status, requiring increased blood
transfusions, and experiencing lower Hb levels during treatment compared to younger patients. These
results are consistent with previous studies conducted in Saudi Arabia [14,24]. It appears that older patients
exhibit a greater propensity to possess compromised renal function, chronic comorbidities, and overall
poorer health status, which renders them more susceptible to an increased risk of CIA. Furthermore,
molecular and genomic alterations have been observed among this age group [25].

In our study, we found that Hb levels during treatment were categorized as life-threatening (<6.5 g/dL) in
7.4% of cases, severe (6.5-8 g/dL) in 32.6% of cases, moderate (8-10 g/dL) in 30.5% of cases, and above 10
g/dL in 29.5% of cases. Low ferritin levels were detected in 77% of cases, and 79% of patients required blood
transfusions during treatment. These findings are consistent with patterns of anemia severity reported in
the literature. For instance, a European study found that almost two-thirds of cancer patients had Hb levels
of ≤10 g/dL and 76% of patients required regular blood transfusions [26]. Similarly, Kifle et al. documented
mild to moderate anemia in 83.5% of patients [19]. It is worth noting that the consensus regarding the
criteria for initiating therapy and stratifying patients with CIA is lacking. As a result, subjectivity may be
observed among different healthcare providers and within different healthcare settings.

The factors that predict anemia among cancer patients remain a subject of debate [27]. The existing
literature includes retrospective studies with varying variables, which contributes to the lack of solid criteria
and limited statistical analysis. Consequently, there is inconsistency in the literature regarding independent
prognostic factors associated with anemia in cancer patients. Various factors have been investigated and
found to be associated with lower Hb levels, such as advanced stages of cancer (e.g., stage IV), malnutrition,
chemotherapy dose and regimen, and patient-specific factors like age and BMI [28,29]. Furthermore, a study
by Kifle et al. demonstrated a statistically significant association between anemia occurrence and factors
such as ECOG performance score and bleeding history [19]. In our study, we found that older age, an
increased number of chemotherapy cycles, and the presence of ACD were associated with the severity of
anemia during treatment and were statistically significant. The discrepancy observed in the literature may
be attributed, at least in part, to the relatively small sample size of our study (95 patients).

Our study is subject to several limitations that warrant acknowledgment. Firstly, the sample size was
relatively small as it was obtained from a single center in Najran City, which restricted the number of
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patients included in the study to 95 cases. This limited sample size may have influenced the generalizability
of our findings to a larger population. Secondly, we did not compare different treatment groups, such as
those receiving iron therapy, blood transfusions, or darbepoetin alpha, which could have provided additional
insights into the management of anemia in cancer patients. Additionally, certain relevant factors, including
predisposing factors and industrial exposures, were not incorporated into our analysis due to the nature and
scope of our study. These unaddressed factors may have influenced the occurrence and severity of anemia in
our patient cohort. To overcome these limitations and enhance the validity and generalizability of our
findings, we recommend the implementation of prospective, larger studies, with clearly identified inclusive
and exclusive criteria.

Conclusions
The present study revealed a notable prevalence of anemia (50.5%) among cancer patients undergoing active
treatment, particularly in the context of urologic and gastrointestinal cancers. Factors associated with the
severity of anemia included advanced age, an increased number of chemotherapy cycles, and the presence of
ACD. Notably, patients aged 65 years and older exhibited a higher frequency of anemia, a poorer ECOG
performance status, more Hb decrease levels during treatment, and an increased requirement for blood
transfusions. Furthermore, our analysis indicated a positive association between the number of
chemotherapy cycles and the need for blood transfusion.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Ethics Research
Committees of King Khaled Hospital issued approval H-l1-N-081. The ethical approval for the study was
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of the Helsinki Declaration. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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