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Introduction

Non-Hodgkin Lymphoma (NHL) is the 7th most 
frequent cancer in Indonesia with death rate of 4.25% 

Abstract

Background: The burden of lymphoma is intensified with the presence of anemia. The type of anemia in 
lymphoma is predominantly anemia of chronic disease. Severe anemia is also often associated with advanced 
stages leading to poor prognosis and survival as well as a worse quality of life. Objective: In this study, we aimed 
to observe the incidence of anemia in lymphoma and to identify any associated clinical and laboratory factors. 
Methods: Data from lymphoma patients admitted between 2012 to 2018 with complete hemoglobin (Hb) levels 
were collected from the medical records in Dr. Sardjito Hospital, Yogyakarta, Indonesia. Clinical and laboratory 
parameters included were age, sex, nutritional status, Ann Arbor staging, extranodal involvement, number of 
extranodal sites, Lactate Dehydrogenase (LDH) level, Eastern Cooperative Oncology Group (ECOG) performance 
status, platelet count, absolute lymphocyte count (ALC), white blood cell count (WBC), and lymphoma prognostic 
score (Non-Hodgkin Lymphoma/NHL using Index Prognostic International (IPI), Hodgkin’s Lymphoma/HL using 
International Prognostic Score (IPS)). Statistical analysis was done to observe the difference in any parameters 
between patients with anemia and non-anemia. Logistic regression was employed to model the relationship between 
associated or predictive factors and anemia incidence. Results: Six hundred eleven (611) lymphoma patients 
were involved in this study, 296 (48.5%) had anemia and 314 (51.5%) did not. Anemia was more prevalent in 
HL (17/ 33 cases or 51.5%) than in NHL (272/ 564 cases or 48.1%). Patients with anemia frequently presented 
with mild anemia in 142 (48%), followed by moderate anemia in 139 (46.9%). The incidence of anemia were 
significantly associated with male sex, advanced Ann Arbor stage (III-IV), underweight, elevated LDH level, 
abnormal platelet, absolute lymphocyte counts less than 600/mm3, elevated WBC count more than 15,000/mm3, 
and high total prognostic score (>3). Multivariate analysis demonstrated low or elevated platelet (P=0.044; 95% 
CI=1.03-8.09) as an independent predictor, meanwhile lymphocytopenia as protective factor (OR=0.05; 95% 
CI=0.00-0.54; P=0.013). Conclusion: Anemia commonly occurs in Indonesian lymphoma patients. There is an 
association and increased risk to develop anemia in male, Ann Arbor stage III-IV, underweight, elevated LDH, 
abnormal platelet, leukocytosis, and high total prognostic score. Abnormal platelet was an independent predictive 
factor, and lymphocytopenia is one of the protective factor. 
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[1]. On the other side, with 1,047 new cases in 2018, 
Hodgkin’s lymphoma (HL) represents 0.3% of all new 
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cancer cases and is placed in rank of 27th most frequent 
cancer in Indonesia [1]. Apparently, more than half of 
lymphoma patients had anemia before diagnosis [2]. 
Anemia has been considered as an important adverse 
prognostic factor of treatment outcome especially with 
bone marrow involvement which becomes another factor 
associated with poor prognosis. Patient’s quality of life is 
also affected with anemia. Anemia may cause shortness 
of breath, cardiovascular complication, poor performance 
status, impairment of cognitive, and fatigue in lymphoma 
patients [3]. The occurrence of anemia may be associated 
with some underlying conditions such as bleeding due to 
lymphoma, anemia of chronic disease, infiltration of tumor 
cells to bone marrow, autoimmune hemolytic anemia, or 
chemotherapy-induced anemia [4].

The most common type of anemia in patients with 
lymphoma is anemia of chronic disease, followed with 
secondary anemia due to marrow involvement, iron 
deficiency anemia (IDA), vitamin B-12 deficiency, and 
hemolytic anemia [3]. Different from prognostic score 
in Non Hodgkin Lymphoma (NHL), anemia is included 
in the prognostic score component of HL and is almost 
found in all HL patients. Anemia of HL is usually mild 
and normocytic- normochromic type, although it rarely 
presents as microcytic-hypochromic type [5]. 

Generally, anemia is more frequent in patients with 
higher stage of lymphoma due to the possible bone marrow 
involvement. The correlation of anemia with higher 
stage of lymphoma has been reported [6]. In developing 
countries, majority of the lymphoma patients had high 
prevalence of anemia with bone marrow involvement 
as one of the causative factors and most of them were 
diagnosed with advanced stages of disease [3]. 

Anemia in NHL patients without bone marrow 
involvement may be caused by the production of tumor 
necrosis factor (TNF) alpha [7]. Inflammatory mediators, 
such as IL-6, IL-10, IL-1, thymus and activation-regulated 
chemokine (TARC), gamma interferon, and tumor 
necrosis factor, will increase the level of hepcidin. 
In addition, the presence of IL-6 was significantly 
associated with older age, stage IV disease, B symptoms, 
and a high-risk International Prognostic Score (IPS) in 
HL, however, elevated IL-6 inversely correlated with 
hemoglobin levels [8]. 

Materials and Methods

Patients
Data was collected from 689 lymphoma patients 

in Dr. Sardjito Hospital, Yogyakarta, Indonesia during 
2012-2018, prior to treatment. The baseline informations 
including demographic characteristics, clinical features, 
and laboratory parameters including age, sex, nutritional 
status, Ann Arbor staging, extranodal involvement, 
number of extranodal sites, Lactate Dehydrogenase 
(LDH) level, Eastern Cooperative Oncology Group 
(ECOG) performance status, platelet count, absolute 
lymphocyte count (ALC), white blood cell count (WBC), 
and prognostic score. 

The diagnosis of lymphoma was based on 

histopathology from anatomical pathology laboratory 
according to WHO classification of Tumors of 
Hematopoietic and Lymphoid Tissue (2016) [9]. Seventy 
nine patients were excluded due to missing hemoglobin 
levels and presumptive diagnosis of lymphoma, hence 610 
lymphoma patients were eventually included for further 
analysis. The prognostic score were defined in accordance 
to the type of lymphoma: NHL using Index Prognostic 
International (IPI), meanwhile HL using International 
Prognostic Score (IPS). Since IPS components also 
include haemoglobin level of <10.5 g/dl as one of 
their variables, this component was excluded to avoid 
overlapping data and total IPS score was subsequently 
categorized to produce a cut-off point.

 
Statistical analysis

According to World Health Organization (WHO), 
anemia is defined as mild (Hb level 11.0-12.9 g/dL for 
men and 11.0-11.9 g/dL for women), moderate (Hb level 
8-10.9 g/dL) and severe (Hb level lower than 8 g/dL). 
The collected data from Dr. Sardjito Hospital within 2012 
to 2018 were checked, coded, cleaned, and entered for 
analysis. The association between anemia incidence with 
associated factors was analyzed using Pearson Chi-square 
or Fisher-Exact test at a significance level ≤0.05. Odds 
ratio (OR) were used to explore the association of anemia 
with each component of prognostic score  and to determine 
degree of association. Furthermore, the significant 
variables in the univariate analysis (p value ≤0.05) were 
selected for multivariate analysis using logistic regression 
to model the relationship of the associated or predictive 
factors and anemia incidence.

Results

Prevalence of anemia in patients with lymphoma
A total number of 611 lymphoma patients with 

complete hemoglobin level were categorized according to 

Figure 1. Prevalence of Anemia among Lymphoma 
Patients at Dr. Sardjito Hospital in the Period of 2012-
2018.
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anemic population was higher in male (n = 186, 62.8%) 
compared to female (n = 110, 37.2%). Moreover, our 
result demonstrated that anemia occurred more frequently 
in younger population (age ≤60 years) than in older 
population (age >60 years) (193 (65.2%) vs 103 (34.8%)).

Predictive factors of the incidence of anemia in lymphoma 
patients

The bivariate Chi-square test result shown in Table 1. 
revealed that there were some predictive factors that were 
protective in nature and some variables that increased the 

the severity of anemia. Based on the occurrence of anemia, 
296 lymphoma patients were reported to have anemia 
(48.5%) while 314 patients did not (51.5%). In HL patients 
particularly, more than half of the patients had anemia 
(n=17/33, 51.5%), whereas NHL were dominated by 
non-anemic population (n=293/564, 51.9%) (Figure 1). 
Hemoglobin level for the all lymphoma patients ranged 
from 5.7 g/dl to 16.7 g/dl with a mean of 12.27 ± 1.93 
(mean ± SD). One hundred forty two (23.3%) were 
mild anemia, 139 (22.8%) moderate anemia, and 15 
(2.4%) severe anemia (Figure 2). In addition, the 

Anemia Status p-value
Anemia n (%) Normal n (%)

Age (610)
     >60 103 (54.2) 87 (45.8) 0.059
     ≤60 193 (54) 227 (46)
Sex (610)
     Male 186 (53.9) 159 (46.1) 0.002
     Female 110 (41.5) 155 (58.5)
Ann Arbor Stage (609)
     III-IV 97 (62.2) 59 (37.8) <0.001
     I-II 198 (43.7) 255 (56.3)
Nutritional Status (595)
     Underweight 94 (75.9) 65 (83.1) 0.001
     Normal, overweight, obese 190 (43.6) 246 (56.4)
Extranodal Involvement (610)
     Present 162 (51.1) 155 (48.9) 0.185
     Absent 134 (45.7) 159 (54.3)
Number of Extranodal Sites (317)
     Multiple 44 (60.3) 29 (39.7) 0.074
     Single 118 (48.4) 126 (51.6)
LDH level (209)
     Elevated (>250 U/L) 83 (55.3) 67 (44.7) 0.019
     Normal 22 (37.3) 37 (62.7)
ECOG PS (484)
>3 4 (80) 1 (20) 0.197
≤2 227 (47.4) 252 (52.6)
Platelet (610)
     Low or elevated (<150×109/L or >450×109/L) 73 (65.8) 38 (34.2) <0.001
     Normal 223 (44.7) 276 (55.2)
Absolute lymphocyte count (579)
     <600/mm3 and/or <8% 262 (47.4) 291 (52.6) 0.01
     >600/mm3 and/or >8% 19 (73.1) 7 (26.9)
White Blood Cell Count (609)
     >15,000/mm3 36 (70.6) 15 (29.4) 0.001
     ≤15,000/mm3 260 (46.6) 298 (53.4)
Prognostic Score (610)
     >3 38 (73.1) 14 (26.9) <0.001
     0-2 258 (46.2) 300 (53.8)

Table 1. Clinical Characteristic of Lymphoma Patients Presenting with Anemia

Abbreviations, ECOG, Eastern Cooperative Oncology Group; PS, performance status; LDH, lactate dehydrogenase.
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risk of anemia. Anemic lymphoma patients were found 
to have statistically significant association with male sex 
(P=0.002), advanced Ann Arbor stage (III-IV) (P≤0.001), 
underweight (P=0.001), elevated LDH level (P=0.019), 
abnormal platelet (P≤0.001), absolute lymphocyte count 
less than 600/mm3 (P=0.010), elevated WBC count more 
than 15,000/mm3 (P=0.001), and high total prognostic 
score (>3) (P=<0.001). There were no significant 
association of lymphoma patients to develop anemia 
in person who was more than 60 years old (P=0.059), 
had extranodal involvement (P=0.185), had multiple 
extranodal site of the disease (P=0.074), and had ECOG 
performance status more than 1 (P=0.197) (Table 1).

The result of univariate and multivariate analyses of 
several factors influencing the incidence of anemia were 
conveyed in Table 2. Univariate regression analysis 
showed that the following predictors significantly 
increased the risk of patient in developing anemia: 
male (OR=1.65, 95% CI=1.19-2.28, P=0.002), 
advanced Ann Arbor stage (III-IV) (OR=2.12, 95% 
CI=1.46-3.08, P≤0.001), underweight (OR=1.87, 

95% CI=1.23-2.71, P=0.001), elevated LDH level 
(OR=2.08, 95% CI=1.12-3.87, P=0.020), abnormal 
platelet (OR=2.38, 95% CI=1.55-3.65, P=<0.001), 
elevated WBC count more than 15,000/mm3 (OR=2.75, 
95% CI=1.47-5.14, P=0.002), and high total prognostic 
score (>3) (OR=3.16, 95% CI=1.67-5.95, P=<0.001) 
(Table 2). 

Age more than 60 years old (P=0.059), extranodal 
involvement (P=0.185), number of extranodal sites >1 
(P=0.074), and ECOG performance status (P=0.184) had 
a risk of developing anemia approximately 1.39, 1.24, 
1.62, and 4.44 times higher, respectively; however, they 
were not found to have significant association. Patient who 
had lower absolute lymphocyte count (less than <600/
mm3 and/or <8%) was associated with a 67% reduction to 
develop anemia (P=0.010; 95% CI=0.14-0.80) (Table 2).

According to the significant predictors from univariate 
analysis, multivariate analysis was subsequently 
performed, and it was shown that a person with abnormal 
platelet was 2.88 times more likely to develop anemia 
compared to person who had normal platelet (P=0.044; 
95% CI=1.03-8.09), and person with low lymphocyte 
was protected against manifesting anemic condition 
(OR=0.05; 95% CI=0.00-0.54; P=0.013). Both of these 
results were considered as an independent predictors 
for the occurrence of anemia in lymphoma in this study 
(Table 2). 

Discussion

Almost half of the lymphoma patients in our study 
presented with anemia (n=296, 48.5%). Anemic condition 
were also reported in other studies, which accounts for 
45.1% and 40% for NHL and HL respectively [3,10]. 
In addition, most of our lymphoma patients had mild 
(n=142, 48%) and moderate anemia (n=139, 46.9%). 
Similar findings were also reported by Hohaus et al. 
(2010) and Yasmeen et al. (2019) [3,10]. 

Anemic condition in our study population was 
observed naïve to treatments, hence the most possible 

Clinical and Prognostic Factors Univariate Analysis Multivariate Analysis
OR 95% CI p-value OR 95% CI p-value

Age >60 1.39 0.99-1.96 0.059
Male sex 1.65 1.19-2.28 0.002 1.38 0.73-2.59 0.321
Ann Arbor Stage (III-IV) 2.12 1.46-3.08 <0.001 1.36 0.62-2.98 0.449
Nutritional Status (underweight) 1.87 1.23-2.71 0.001 2.09 0.98-4.44 0.056
Extranodal Involvement 1.24 0.90-1.71 0.185
Number of extranodal site >1 1.62 0.95-2.76 0.074
LDH elevated (>250 U/L) 2.08 1.12-3.87 0.02 1.63 0.80-3.29 0.175
ECOG PS >1 4.44 0.49-40.02 0.184
Abnormal platelet (<150×109/L or >450×109/L) 2.38 1.55-3.65 <0.001 2.88 1.03-8.09 0.044
Low lymphocyte (<600/mm3) 0.33 0.14-0.80 0.014 0.05 0.00-0.54 0.013
Elevated WBC (>15,000/mm3) 2.75 1.47-5.14 0.002 1.54 0.42-5.57 0.512
Prognostic Score >3 3.16 1.67-5.95 <0.001 1.54 0.57-4.15 0.394

Table 2. Univariate and Multivariate Analyses of Predictive Factors in Association with Anemia

Abbreviations, ECOG, Eastern Cooperative Oncology Group; PS, performance status; LDH, lactate dehydrogenase; WBC, White Blood Cells

Figure 2. Severity of Anemia among all Lymphoma 
Patients Submitted at Dr. Sardjito Hospital in the Period 
of 2012-2018.
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pathogenesis was due to inflammation [3]. Inflammation 
has been recognized to play massive role in the 
development of lymphoma [11]. The pathogenesis of 
anemia in lymphoma is suggested to be related with 
inflammation in B cell NHL patients indicated by 
increased level of inflammatory mediators such as IL-6, 
TNF-α, IL-1, and gamma interferon [7,8]. Those mediators 
inhibits erythropoietin which later contributes to the 
development of anemia. Apparently, some inflammatory 
mediators such as IL-10, IL-6, TNF-alpha, and sCD25 
were also expressed in HL [12-14]. However, IL-6 is still 
believed to be the key player for anemia both in NHL and 
HL. There is an association between HL disease activity 
with the production and release of IL-6 into systemic 
circulation, stimulating the overproduction of hepcidin. 
Elevated hepcidin level will trap iron in macrophages 
and iron-absorbing enterocytes, as well as blocking the 
release of iron from the reticuloendothelial system and 
the liver leading to iron deficiency anemia (IDA) [8,10]. 
This mechanism is similar in NHL where IL-6 contributes 
for the changes in iron metabolism as remarked by an 
elevated ferritin, lower iron, reduced total iron-binding 
capacity, and higher serum fibrinogen level [3]. 

A significant association between male gender with 
higher hepcidin and IL-6 levels was confirmed by Tisi 
et al. (2014) [15]. Another study conducted by Hohaus 
et al. (2010) also pointed out that there was a borderline 
significance for higher hepcidin levels in males compared 
with females. We provided evidence that male patients 
had anemia more frequently than female. Being male 
also increased the risk to develop anemic condition 
(OR=1.65, 95% CI=1.19-2.28, P=0.002). 

A study by Hohaus et al. (2010) involving patients 
older than 45 years old observed  higher hepcidin levels 
related with anemia [10]. However, our study yielded 
no significant impact of age for anemia occurrence in 
lymphoma. The occurrence of anemia was more frequently 
observed in younger than older patients. Our finding was 
in accordance with a research involving DLBCL patients 
that found no association between age group above 60 
years old with anemia (P=0.606, 95% CI=0.49-1.51) [16].

Underweight patients (body mass index ≤18.5) are 
often associated with nutritional insufficiency that could 
manifests as nutritional anemia due to the lack of iron, 
B12, B6, copper, zinc, and other nutrients that play 
roles in the hematopoietic process [17]. Therefore, 
underweight group has the higher tendency to develop 
anemia than normal, overweight, and obese groups [18]. 
This is in line with our findings where the underweight 
group showed significant increased risk of having anemia 
(OR=1.87, 95% CI=1.23-2.71, P=0.001). 

Regardless of the type of anemia, it is usually presented 
with advanced disease caused by many factors. Our 
study demonstrated that a high prognostic score (IPI 
for NHL; IPS for HL) was significantly correlated with 
the occurrence of anemia among lymphoma patients 
(OR=3.16, 95% CI=1.67-5.95, P=0.000). Elevated 
LDH was also found to have a significant association 
with anemic condition (OR=2.08, 95% CI=1.12-3.87, 
P=0.020). One possible explanation is that in patients with 

higher level of LDH, there is an elevated concentration of 
IL-10 involved in the pathogenesis of anemia via hepcidin 
[19]. 

Patients with advanced Ann Arbor stage was also 
found to have association with anemia (OR=2.12, 95% 
CI=1.46-3.08, P=0.000). This is coherent with a study 
from Shen et al. (2020) that observed a strong correlation 
between Ann Arbor stage III and IV with anemia than 
Ann Arbor stage I and II with anemia (P= <0.001) [20]. 

Performance status by ECOG more than 1 was not 
associated with the incidence of anemia (P=0.184). 
Previous studies showed no relationships between ECOG 
stage 2 and above with anemia incidence, although it lead 
to worse progression-free survival (PFS) [15,16]. 

Extranodal involvement and multiple extranodal sites 
were not significantly associated with anemia incidence 
in this study. These results might be in accordance with 
a study that reported non significant distributions of 
inflammatory markers widely known to be involved in 
the pathogenesis of anemia namely IL-6 and IL-10 in 
lymphoma cases with extranodal lesion [19]. 

Our study obtained a significant association 
between anemic patients with abnormal platelet count 
(low <150×109/L or elevated >450×109/L). Multivariate 
analysis showed that abnormal platelet count was an 
independent predictive factor of developing anemia 
(P=0.044; 95% CI=1.03-8.09). Thrombocytopenia as 
one of the frequent finding in lymphoma may lead to 
a higher bleeding risk [21]. It possibly explains the 
association between low platelet count and anemia in 
lymphoma patient with naïve treatment in this study. 
There was an inverse relationship between ferritin and 
platelet count with haemoglobin level that explains the 
significant association between iron deficiency anemia 
and thrombocytosis [22,23]. Severe thrombocytosis and 
leukocytosis are found to be associated with IDA, as well 
as elevated IL-6 and low erythropoietin [24,25]. This is 
in concordance with our result that yields a significant 
association between elevated platelet and anemia. 

Lymphocytopenia was one of the protective factors 
for anemia in lymphoma in this study (P=0.013; 95% 
CI= 0.00-0.54). Lymphocytopenia generally indicates 
weakened immune system and often found among 
immunocompromised patients including lymphoma 
[26]. Lymphocytopenia has also been reported to 
be an independent prognostic factor for overall and 
progression-free survival in several cancers including 
aggressive type of NHL diffuse large B cell lymphoma 
(DLBCL) and HL [27]. One rare case report of iron 
deficiency anemia accompanied with lymphocytopenia 
indicated a possible vulnerability to infection. Therefore, 
protective role of lymphocytopenia to anemia observed 
in this study required further exploration. It may also be 
that the two conditions reflected different pathogenesis 
aspects of lymphoma which covers various disease 
entities.

Our study limitations are related to its retrospective 
complexion, where it left us no option to inadequateness of 
data. Our study also came from a single care centre that 
prone to a referral bias. The data needs to be validated at 
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a larger scale to make a depiction for the whole Indonesia 
population.    

In conclusions, this study has revealed the overall 
prevalence of anemia across all lymphoma is 48.5%. 
Male sex, Ann Arbor stage III-IV, underweight, elevated 
LDH, abnormal platelet, leukocytosis, and high total 
prognostic score were correlated significantly with the 
incidence of anemia. Our study also demonstrated that 
abnormal platelet was an independent predictive factors, 
as lymphocytopenia is one of the protective factors. Future 
directions to further predict and improve the outcome of 
patients with lymphoma will include incorporating the 
causes of anemia, and also exploring the cytokines levels 
that contribute to the pathogenesis of anemia.
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