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Abstract – Objective: Hematopoietic malignancies include leukemias, lymphomas, plasma 
cell tumors, myelodysplastic syndromes, and malignant mastocytosis. There are very rare popula-
tion-based epidemiological studies in hematopoietic cancers in Iran. The aim of this study was to 
describe the epidemiology of hematopoietic cancers in the north of Iran. 

Patients and Methods: This longitudinal study was carried out on cancer incidence data of 
Mazandaran Population-based Cancer Registry (MazPCR), which is responsible for recording cancer cases 
in the population of all counties of Mazandaran province (except Babol, which is covered by the Babol 
University of Medical Science) in 2014. We used SPSS 16 (SPSS Inc., Chicago, IL, USA) for statistical analysis. 
Chi-Square test was used and p-values < than 0.05 were considered statistically significant.

Results: The Age-Standardized incidence Rates (ASRs) of leukemia were 8.2 and 5.4 per 100,000 
in men and women, respectively. The ASRs of lymphoma among men and women were 7.1 and 3.2 
and the ASRs of multiple myeloma were 1.7 for men and 1.8 for women. The ASRs of lymphoma 
and multiple myeloma in urban areas were higher than rural, while the ASR of leukemia in rural 
areas was higher.

Conclusions: The ASRs of leukemia and lymphoma were higher in males and the ASR of multi-
ple myeloma was higher in females in this study. The ASRs of leukemia and Hodgkin’s lymphoma in 
the MazPCR coverage area were higher than estimated ASRs in the world and Iran, while ASRs of 
Non-Hodgkin’s lymphoma were lower than those estimated for the world and Iran.
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INTRODUCTION

Hematopoietic malignancies, a heterogeneous 
group of conditions characterized by the malig-
nant growth of blood cells1, include leukemias, 
lymphomas, plasma cell tumors, myelodysplas-
tic syndromes and malignant mastocytosis1-3. The 
classification of lymphomas and leukemias has 
become blurred in recent years4. Leukemias are 

classified in four major subtypes, including Acute 
Lymphoblastic Leukemia (ALL), Chronic Lym-
phoblastic Leukemia (CLL), Acute Myeloid Leu-
kemia (AML), and Chronic Myeloid Leukemia 
(CML)5,6. There are two types of lymphomas: 
Hodgkin and Non-Hodgkin; the latter has a higher 
global incidence than the first2. Multiple myeloma 
is a rare malignancy of plasma cells7,8 and the 
second most frequent hematological malignancy 
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with malignancy were enrolled and patients with 
unknown age or residual status were excluded. 
After removing duplicates, we selected cancer cas-
es, according to the third edition of International 
Classification of Diseases for Oncology (ICD-O-3) 
as follows: topography code C42 for Leukemia and 
Multiple Myeloma and C77 for Lymphoma. Extra 
nodal lymphomas were not considered in this 
study. In addition, patients in all age groups (<14 
years and older) were enrolled in the study. The 
ASR was calculated by the direct standardization 
method. The standard population in this study 
was the 2000 world standard population and ex-
pressed per 100,000 population. The protocol was 
approved by the Ethics Committee of MazUMS 
(Ethics Committee Approval Code: IR.MAZUMS.
REC.95.2677). Confidentiality measures were 
used to ensure the preservation of anonymity of 
cancer cases.

STATISTICAL ANALYSIS

We used SPSS standard statistical software (SPSS 
16 Inc., Chicago, IL, USA) for the statistical anal-
ysis. Chi-Square test was used and p-values < than 
0.05 were considered statistically significant. 

RESULTS

Totally, 4460 new cancer cases were registered in 
MazPCR in 2014, of which 187 (4.2%), 141 (3.2%), 
and 46 (1.0%) new cases were leukemia, lymphoma 
and multiple myeloma, respectively. 79.5% of cases 
were diagnosed by Pathology/Immunohistochemis-
try (IHC), 19.8% by Death Certificate Only (DCO) 
and 0.8% by paraclinical assessment. The mean 
(SD) of age in patients with Leukemia, Lymphoma 
and Multiple Myeloma were 52.4 (24.6), 50.6 (18.9) 
and 64.3 (14.6), respectively. The ASRs for leuke-
mia were 8.2 and 5.4 per 100,000 among men and 
women, respectively. In lymphoma, the ASRs were 
7.1 and 3.2 for men and women, respectively. In 
case of multiple myeloma, the ASRs were 1.7 for 
men and 1.8 for women. Table I shows the charac-
teristics of patients with leukemia, lymphoma and 
multiple myeloma, registered by MazPCR (Table I). 
The ASR of leukemia was 5.0 and 5.2 in urban and 
rural areas, respectively. Furthermore, the ASR of 
lymphoma was calculated 4.2 in urban and 3.9 in 
rural areas, respectively. The ASR of multiple my-
eloma was also found in urban and rural areas, 1.7 
and 1.5, respectively. Table II shows number, crude 
rate and ASR of leukemia, lymphoma and multiple 
myeloma among men and women by type of cancer 
and gender (Table II).

among other plasma cell dyscrasias8 with a high 
mortality rate7. As stated in GLOBOCAN 2012, 
about 14.1 million new cancer cases were oc-
curred all over the world, of which, 2.5%, 0.5%, 
2.7% and 0.8% of the total were Leukemia, Hod-
gkin’s lymphoma, Non-Hodgkin’s lymphoma and 
multiple myeloma, respectively9. The incidence 
of hematopoietic cancers is low among develop-
ing countries2. Age-Standardized Incidence Rates 
(ASRs) of leukemia in men and women were 5.6 
and 3.9 worldwide9, and 6.4 and 4.8 in Iran, respec-
tively10. The ASRs of Non-Hodgkin’s lymphoma 
were higher (6.0 among male and 4.1 among fe-
male) than Hodgkin’s lymphoma (1.1 among male 
and 0.7 among female)9. The lowest rates of both 
kinds of lymphoma are in Asia9,11,12. According to 
Iran’s latest report, the ASRs of Hodgkin’s lym-
phoma were 1.5 and 1.1 among men and women, 
respectively. Also the ASRs of Non-Hodgkin’s 
lymphoma were reported 4.5 and 3.1 for male 
and female, respectively10. The epidemiology of 
multiple myeloma is similar to leukemia5. Based 
on GLOBOCAN 2012, global ASRs of multiple 
myeloma were 1.7 in men and 1.2 in women9. 
These rates were 1.3 and 1.1 for men and women in 
Iran, respectively10. The incidence of cancer varies 
in different regions of Iran13. However, very rare 
population-based epidemiological studies have an-
alyzed the incidence of hematopoietic cancers5,14,15. 
Therefore, this investigation was conducted to de-
scribe the epidemiology of Leukemia, Lymphoma 
and Multiple Myeloma in Mazandaran province 
(all counties except Babol, which is covered by 
the Babol University of Medical Science), north of 
Iran, which is covered by Mazandaran University 
of Medical Sciences (MazUMS).
 

MATERIALS AND METHODS

This longitudinal study was carried out on data of 
cancer incidence in 2014. The studied population 
included all new cases of leukemia, lymphoma 
and multiple myeloma in 2,311,432 people covered 
by Mazandaran Population-based Cancer Regis-
try (MazPCR). MazPCR collected information on 
newly diagnosed cancer cases from all public and 
private diagnostic and therapeutic centers in this 
area, including pathology and laboratory centers, 
hospitals, the only radiotherapy center and some 
specialist physicians’ private offices. Moreover, 
information on cancer-related deaths was received 
from Death Registry Program of Health Deputy 
of MazUMS. Moreover, cancer cases were gath-
ered from a national pharmaceutical database of 
the Ministry of Health and main insurance orga-
nizations of Mazandaran province. All patients 
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observed in other studies5,15,17-19. The exact etiology 
of leukemia in adults is unknown, but it has been 
stated that various environmental and genetic fac-
tors such as ionizing radiation, certain chemicals, 
smoking and alcohol, some chemotherapy drugs 
and family history are involved in causing the 
disease. It seems that men are more vulnerable to 
these factors. Further studies can help to determine 
the risk factors of leukemia in this area. According 
to estimated cancer incidence in 2012, the ASRs of 
Hodgkin lymphoma in the world were 1.1 for men 
and 0.7 for women, and 1.6 and 1.1 for men and 
women in Iran, respectively9,16. The results of the 
present study showed that the ASRs of Hodgkin 
lymphoma for men and women were 2.3 and 1.1, 
respectively, which were higher than the estimat-
ed rates for Iran. On the other hand, the ASRs of 
Non-Hodgkin lymphoma were estimated 4.0 for 

DISCUSSION

Our study was performed to examine the epide-
miology of leukemia, lymphoma and multiple my-
eloma in MazPCR coverage area. This is the first 
study to investigate the incidence of hematopoietic 
cancers in the population covered by MazPCR. We 
found that the ASR of leukemia was 8.2 and 5.4 
per 100,000 among men and women, respectively. 
These rates for men and women were reported 5.6 
and 3.9 per 100,000 for the world and 6.9 and 4.7 per 
100,000 for Iran, respectively9,16. The results of our 
study showed that the ASRs of leukemia in men and 
women in the population covered by MazPCR were 
less than the ASRs reported for Golestan province, 
which is neighboring Mazandaran province5. In 
addition, the incidence rate of leukemia was higher 
in males than females and it corresponds to those 

TABLE 1. Characteristics of patients with leukemia, lymphoma and multiple myeloma in population covered by MazUMS, 
Iran, 2014.

Variable Leukemia Lymphoma Multiple Myeloma Asymp.   
    Sig.
  No. % No. % No. % (2-sided)

Gender Male 115 61.5 96 68.1 23 50.0 
0.08

 Female 72 38.5 45 31.9 23 50.0 

Place of Urban 71 38.0 62 44.0 22 47.8 
 residence Rural 69 37.0 47 33.3 18 39.1 0.40 
 Unknown 47 25.0 32 22.7 6 13.1 

Method of Pathology/  127 67.9 129 91.5 41 89.1 
 diagnosis  Cytology
 Death  58 31.0 11 7.8 5 10.9 0.00 
  Certification 
  Only (DCO) 
 Clinical/ 2 1.1 1 0.7 0 0 
  Paraclinical
  Assessment 

TABLE 2. Number of patients, crude rate and ASR of leukemia, lymphoma and multiple myeloma in population covered by 
MazUMS, Iran, 2014.

  Male   Female   
   
 No. Crude rate ASR No. Crude rate ASR

Lymphoma 96 10.5 7.1 45 10.8 3.2
Hodgkin Lymphoma 31 3.4 2.3 15 3.5 1.1
Non-Hodgkin Lymphoma 54 6.0 4.0 26 6.1 1.9
Lymphoma, Nos 11 1.1 0.9 4 1.1 0.3
Leukemia 115 13.9 8.2 72 14.4 5.4
Lymphoid Leukemia 36 4.5 2.8 24 4.6 1.9
Myeloid Leukemia 40 5.1 2.7 28 5.2 2.2
Leukemia, Nos 39 4.4 2.7 20 4.5 1.3
Multiple Myeloma 23 3.4 1.7 23 3.5 1.8



4

HEMATOPOIETIC CANCERS IN NORTH OF IRAN

  2) Herzog CM, Dey S, Hablas A, Khaled HM, Seifeldin 
IA, Ramadan M, El-Hamzawy H, Wilson ML, Soliman 
AS. Geographic distribution of hematopoietic cancers 
in the Nile delta of Egypt. Ann Oncol 2012; 23: 2748-
2755.

  3) Dorin RP, Koh CJ. Fetal tissues, Editor(s): Anthony Atala, 
Robert Lanza, James A. Thomson, Robert Nerem, In 
Principles of Regenerative Medicine (Second Edition). 
Academic Press; 2011. pp. 819-832.

  4) Robbins S, Kumar V, Cotran R. Robbins and cotran 
pathologic basis of disease. Philadelphia, PA: Elsevier 
2010.

  5) Rajabli N, Naeimi-Tabeie M, Jahangirrad A, Sedaghat 
SM, Semnani S, Roshandel G. Epidemiology of leuke-
mia and multiple myeloma in Golestan, Iran. Asian Pac 
J Cancer Prev 2013; 14: 2333-2336.

  6) Hsu WL, Preston DL, Soda M, Sugiyama H, Funamoto S, 
Kodama K, Kimura A, Kamada N, Dohy H, Tomonaga 
M. The incidence of leukemia, lymphoma and multiple 
myeloma among atomic bomb survivors: 1950-2001. 
Radiat Res 2013; 179: 361-382.

  7) Schinasi LH, Brown EE, Camp NJ, Wang SS, Hofmann 
JN, Chiu BC, Miligi L, Beane Freeman LE, Sanjose S, 
Bernstein L. Multiple myeloma and family history of 
lymphohaematopoietic cancers: results from the Inter-
national Multiple Myeloma Consortium. Br J Haematol 
2016; 175: 87-101.

  8) Röllig C, Knop S, Bornhäuser M. Multiple myeloma. 
Lancet 2015; 385: 2197-2208.

  9) Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers 
C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer 
incidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer 
2015; 136: E359-386. 

 10) Mesdaghinia A, Etemad K, Gouya MM, Rameza-
ni-Daryasari R, Modiriyan M, Partovipour E, Arjmand-
pour M, Salavati F, Fazeli SM, Mirzendehdel Z, Morad-
pour F. Iranian Annual of National Cancer Registration 
Report, 2009-2010. Tehran: ministry of Health and 
Medical Education, Health and Treatment Deputy, 2013.

 11) Skrabek P, Turner D, Seftel M. Epidemiology of 
non-Hodgkin lymphoma. Transfus Apher Sci 2013; 49: 
133-138.

 12) Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, 
Jemal A. Global Cancer Statistics, 2012. CA Cancer J 
Clin 2015; 65: 87-108.

 13) Janbabaei G, Hedayatizadeh-Omran A, Alizadeh-Navaei 
R, Moradi S, Ahmadi A, Rashidi-Alashti M, Eslamijouy-
bari M. An epidemiological study on patients with col-
orectal cancer admitted to one referral center in North 
of Iran from 2006 to 2015. WCRJ 2017; 4: e841.

 14) Koohi F, Salehiniya H, Shamlou R, Eslami S, Ghojogh 
ZM, Kor Y, Rafiemanesh H. Leukemia in Iran: epidemi-
ology and morphology trends. Asian Pac J Cancer Prev 
2015; 16: 7759-7763.

 15) Mohagheghi MA, Mosavi-Jarrahi A, Malekzadeh R, 
Parkin M. Cancer incidence in Tehran metropolis: the 
first report from the Tehran population-based cancer 
registry, 1998 – 2001. Arch Iranian Med 2009; 12: 
15-23.

 16) Ferlay J, Soerjomataram I, Ervik M, Forman D, Bray F, 
Dikshit R, Elser S, Mathers C, Rebelo M, Parkin D. GLO-
BOCAN 2012: estimated cancer incidence, mortality 
and prevalence worldwide in 2012.

 17) Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. 
Acute leukemia incidence and patient survival among 
children and adults in the United States, 2001-2007. 
Blood 2012; 119: 34-43.

men and 1.9 for women in the present study. These 
rates were lower than those reported for Iran (5.7 
for men and 3.8 for women) as well as the world 
(6.0 for men and 4.1 for women)9,16. The difference 
between the ASRs in this study and the estimated 
ASRs for Iran needs further study. The ASRs of 
Non-Hodgkin lymphoma were higher than Hodgkin 
lymphoma in men and in the urban population. The 
ASRs of multiple myeloma were calculated 1.7 for 
men and 1.8 for women during this time period. 
These rates were reported for Iran 2.0 and 1.2 and 
for the world 1.7 and 1.2 for men and women, re-
spectively9,16. So, the ASR of multiple myeloma in 
the men population covered by MazPCR was lower 
than those reported for the world. On the contrary, 
the ASR in women has been higher. Our study 
showed that ASR of multiple myeloma in urban 
areas was 1.7, which was lower than that of the 
neighboring province, Golestan. Whilst the ASR 
for rural areas was similar to the reported ASR of 
rural in that province (1.5 per 100000)5. The inci-
dence rates of lymphoma and multiple myeloma 
were higher in urban than rural areas, in accordance 
with the study done in Southern Spain and Golestan 
province5,20. On the other hand, according to the 
Golestan Population Based Cancer Registry results, 
the incidence rate of leukemia in rural areas of Go-
lestan province has been higher than that in urban 
areas5. The same result was obtained in this study. 
A limitation of this study was a high Death Certif-
icate Only (DCO) rate, which indicates a degree of 
uncertainty in diagnosis. A higher rate of DCO in 
our registry is similar to results of first year activ-
ities of other registries in developing countries15. It 
is expected to decrease DCO rate with the regular 
cancer registration in the coming years.

CONCLUSIONS

Further studies are needed to determine the envi-
ronmental risk factors of leukemia, lymphoma and 
multiple myeloma and the survival rate of them in 
the studied population.
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