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Abstract The frequency of subtypes of lymphoid neo-

plasms was determined in a prospective series of 831

patients presenting at 29 Shanghai hospitals over a 4-year

period. Diagnosis and classification was established in a

single laboratory according to the 2001 WHO classification

system. The frequency of non-Hodgkin lymphoma was

87.6% (n = 728) and Hodgkin lymphoma was 12.4%

(n = 103). The most prevalent NHL subtypes diagnosed

using WHO criteria were diffuse large B cell lymphoma

(DLBCL), precursor B lymphoblastic leukemia/lymphoma

and chronic lymphocytic leukemia/small lymphocytic

lymphoma (CLL/SLL). Although a low incidence has been

reported in some Asian populations, CLL/SLL was com-

monly encountered, indicating that chronic lymphoid

neoplasms are not rare in Shanghai. Consistent with pre-

vious reports, our findings indicate a decrease in the

frequency of follicular lymphoma and an increase in T cell

neoplasms compared to the West. Precursor T lympho-

blastic leukemia/lymphoma, anaplastic large T cell

lymphoma, aggressive NK cell leukemia, angioimmuno-

blastic T cell lymphoma and peripheral T cell lymphoma

were prominent subtypes of T cell NHL.
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1 Introduction

Non-Hodgkin lymphoma (NHL) refers to more than two

dozen distinct neoplastic diseases of the lymphoid system

that involve the malignant outgrowth of B and T lympho-

cytes. The individual characteristics of different

lymphomas are thought to result from the neoplastic

transformation of different lymphocytic populations at

different stages in their maturation and transformation [1].

Over the last two decades, advances in knowledge of the

biology of NHL have resulted in the development of an

international consensus for the diagnosis and classification

of NHL and its subtypes. The World Health Organization

(WHO) Classification of Tumors of Hematopoietic and

Lymphoid Tissues [2] was put forth in 2001 in order to

provide uniform diagnostic criteria for NHL subtypes on
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the basis of morphology, immunophenotype, cytogenetics,

pathogenesis and clinical characteristics. The WHO clas-

sification is based on and extends the 1994 Revised

European American Lymphoma (REAL) classification

system [3]. The WHO classification recognizes three major

categories of lymphoid neoplasms: B cell neoplasms, T and

NK cell neoplasms and Hodgkin lymphoma. However, in

contrast to REAL, lymphoid leukemias also are included in

the WHO classification which stratifies lymphoid neo-

plasms on the basis of cellular origin and biology [2].

To date, the use of the WHO classification in studies of

NHL in China have been limited by the lack of uniform

access to the diagnostic tools (e.g., immunohistochemistry,

cytogenetics, fluorescence in situ hybridization (FISH))

required to meet WHO criteria. Reports from previous

epidemiologic studies using the REAL classification sys-

tem have indicated significant differences in the prevalence

of NHL subtypes between Asia and the West. For example,

follicular lymphoma constitutes 22% of NHL in the US but

is reported to represent only 5% of NHL in China [4]. The

prevalence of follicular lymphoma and prolymphocytic

NHL in Japan are also less than in the West while diffuse

large B cell and lymphoblastic NHL are higher [5]. In

Korea as well, extranodal diffuse large B cell and angio-

immunoblastic T cell NHL are higher than in the West [6].

In contrast to the US, NHL of T cell origin is almost twice

as prevalent in China, Japan and Korea [7]. Conflicting

results have been reported for the prevalence of CLL/SLL

in Asian and Western populations [8]. CLL is the most

common chronic lymphoproliferative disorder in the West

accounting for approximately 25–38% of all leukemias.

Alternatively, previous studies have reported the incidence

of CLL in Asian populations (e.g., Chinese, Japanese and

Singapore Chinese) to be 12–20 times lower, occurring in

only 1.2–2% of Eastern patients. However, Kwong and

colleagues [9] found that CLL represents 12.5% of all

leukemias diagnosed in Hong Kong over a 3-year period.

The etiology of NHL is complex. Genetics, immunologic

or other neoplastic diseases, as well as infectious agents,

including viruses such as Epstein–Barr virus (EBV), Hep-

atitis B and C virus, and Human Immunodeficiency virus

(HIV), appear to influence differences in the prevalence of

NHL worldwide [10–13].

The object of this study was to diagnose and classify all

lymphoid neoplasms that presented over a 4-year period in

a single diagnostic laboratory in Shanghai, China. A total

of 831 consecutive cases of lymphoid neoplasms met cri-

teria for diagnosis and classification according to WHO.

Herein, we present and compare distribution of NHL sub-

types obtained in our prospective series with a recent report

of retrospective classification of lymphoid tumors in China

using WHO criteria [14]. We also include patient demo-

graphics, laboratory values, viral serology and cytogenetic

data for the major NHL subtypes diagnosed in our

laboratory.

2 Materials and methods

2.1 Case series

Patients C18 years presenting at Shanghai hospitals

between August 2003 and May 2007 were referred to our

laboratory based on initial clinical presentation. Protocol

approval for this case review was obtained by the Com-

bined Multiple Institutional Review Board of the

University of Colorado at Denver and Health Sciences

Center in Denver, CO and the Internal Review Board at

Fudan University in Shanghai, China.

2.2 Sample collection and clinical laboratory analysis

Peripheral blood, bone marrow aspirates, tissue and core

biopsies were collected in conjunction with diagnostic

procedures and were evaluated in our laboratory. Peri-

pheral blood smears were obtained by finger stick. Blood

samples were collected by venipuncture and processed for

routine CBC (CellDyne 3700, Abbott, Park, IL), viral

serology (HCV and HIV) (Imx, Abbott) and clinical

chemistry for liver enzymes (LDH, ALT and AST

enzymes) (COBAS, Integra 400 plus, Roche Diagnostics,

Shanghai, China).

2.3 Morphology

Bone marrow aspirates and core biopsies were obtained by

Jamshidi needle extraction from the posterior iliac crest,

while lymph node and tissue biopsies were obtained by

surgical resection. Bone marrow smears were prepared and

evaluated using Wright–Giemsa stained preparations and

special stains. A broad panel of antibodies were used for

immunophenotyping of bone marrow and lymphoid cells

by either dual laser flow cytometry (FC-500, Beckman

Coulter, Hialeah, FL; Immunotech, Miami, FL), immuno-

peroxidase-immunohistochemistry of tissue sections or

both. Biopsy sections were stained with Hematoxylin–

Eosin (H&E). Morphology was independently evaluated by

three of us (X.-Z. Z., R. D. I., J. R.). Microscopic analysis

was performed using Olympus BX51 bright field micro-

scopes (Olympus Optical Ltd., Tokyo, Japan).

2.4 Cytogenetic analysis

Conventional cytogenetic analysis was performed on

unstimulated (1–2 day), and B cell mitogen stimulated (3-

day) (lipopolysaccharide) (Sigma, St. Louis, MO), cultures
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of bone marrow or lymph node preparations. A minimum

of 20 metaphases were analyzed in each case. Criteria for a

clone and descriptions of karyotype followed the recom-

mendations of the International System for Human

Cytogenetic Nomenclature (1995) [15].

2.5 Fluorescence in situ hybridization analysis (FISH)

FISH analysis was performed on bone marrow or lymph

node preparations using Vysis probes (Downers Grove,

Illinois) to identify IGH/14q34, ALK/2p23 CCND1/IGH/

t(11;14), BCL2/IGH/t(14;18) and other abnormalities as

required. Sample preparations and hybridizations were

conducted following the manufacturer’s recommendations.

Whenever possible, a minimum of 500 interphase cells

were scored for each probe. A clonal aberration was

defined as the percentage of cells with any given aberration

over the normal cut-off limits that were determined from

ten cytogenetically normal individuals.

3 Results

3.1 Total number lymphoid neoplasms diagnosed using

WHO classification criteria

A total of 831 consecutive lymphoid neoplasms were

diagnosed according to the WHO classification over a

4-year period (Table 1). The percent of B cell neoplasms as

compared to T/NK cell neoplasms was 68.4 and 18.2%,

respectively. A total of 103 cases of Hodgkin lymphoma

were diagnosed, which constituted 12.4% of total lymphoid

neoplasms. Using WHO criteria, a total of 728 NHL were

diagnosed, including precursor B and T cell leukemias as

well as lymphomas (Table 2). B cell NHL composed

78.0% (n = 568) of all NHL cases whereas T/NK cell

NHL composed 20.7% (n = 151) of the total NHL cases

diagnosed in our series.

3.2 NHL subtypes defined by WHO criteria

B cell NHL was at least 3 times more prevalent than T cell

NHL (568 and 151, respectively) (Table 2). The most

frequent subtype of B cell NHL diagnosed in our labora-

tory was diffuse large B cell lymphoma (n = 212)

followed by precursor B lymphoblastic leukemia/lym-

phoma (n = 140) and then CLL/SLL (n = 71),

representing 29.1, 19.2 and 9.8% of all NHL diagnosed in

our laboratory, respectively. The most commonly diag-

nosed type of T/NK cell NHL was precursor T

lymphoblastic leukemia/lymphoma (n = 46) followed by

peripheral T cell lymphoma, unspecified (n = 40) and

angioimmunoblastic T cell lymphoma (n = 26). These

findings differ somewhat from those of Wang et al. (2005)

[14] who reclassified 447 archival specimens of malignant

lymphoma presenting at the Shanxi Tumor Hospital in

Taiyuan, China, over an 8-year period using the WHO

classification. They found diffuse large B cell lymphoma to

be the most common NHL subtype (35.1%) followed by

peripheral T cell lymphoma, unspecified (12.0%), extran-

odal marginal zone B cell lymphoma (11.7%) and

follicular lymphoma (8.6%). Cases of T/NK cell neoplasms

comprised 30.6% of NHL reported for this re-classification.

3.3 Gender and age distribution of NHL subtypes

as defined by WHO criteria

The gender and age distribution for NHL cases presenting

in our laboratory is displayed in Fig. 1. The overall gender

distribution for NHL in our laboratory was approximately

2:1 male to female (443 and 285, respectively). Gender

distribution of B cell NHL favored male (60%) over female

(40%) and was similar for T/NK cell NHL, male (64%)

female (36%). There was a marked male predisposition for

CLL/SLL (3:1) and mantle cell lymphoma (3.7:1). Females

with precursor B lymphoblastic leukemia slightly out-

numbered males (1.06:1). However, when normalized for

gender, the prevalence of precursor B lymphoblastic leu-

kemia in females was twice that observed in males. Males

with peripheral T cell lymphoma, unspecified (PTCL-u)

outnumbered females (1.8:1). However, when normalized

for gender the prevalence of PTCL-u was equal in males

and females. The median age for all NHL and B cell NHL

was 56 and 58 years, respectively. The median age for

T/NK cell neoplasms was slightly younger (49 years).

Overall there were no obvious differences between males

and females for age at presentation with the exception of

precursor B lymphoblastic leukemia for which the median

Table 1 Total number of lymphoid neoplasms diagnosed in series by

WHO criteria in Shanghai, China over a 4-year period

Total lymphoid neoplasms n = 831 Percent of total (%)

Mature B cell neoplasms 428 51.5

Precursor B lymphoblastic lymphoma 3 \ 1

Precursor B lymphoblastic leukemia 137 16.5

Total B cell NHL 568 68.4

Mature T/NK cell neoplasms 105 12.6

Precursor T lymphoblastic lymphoma 21 2.5

Precursor T lymphoblastic leukemia 25 3.0

Total T/NK cell NHL 151 18.2

NHL NOS 9 1.1

Hodgkin lymphoma 103 12.4

Prospective study of NHL in Shanghai, China 167
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age at presentation for males and females was 38 and

47 years, respectively.

3.4 Distribution of NHL cases from Shanghai

and nearby provinces

The vast majority of NHL cases presenting were from

Shanghai (78.5%) (Table 3), including cases that constitute

the most prevalent NHL subtypes diagnosed in our labo-

ratory. We recorded 18 cases of CLL/SLL and DLBCL in

patients from neighboring Zhejiang (4 and 14, respec-

tively). Moreover, 47 of our NHL cases came from Jiangsu

province (including 5 CLL/SLL and 12 DLBCL). Other

than Shanghai, there were no distinct clusters of NHL

subtypes associated with a specific province.

3.5 Clinical features associated with NHL subtypes

Clinical findings for the most prevalent B cell and T/NK cell

NHL subtypes are illustrated in Table 4. Abnormal mean

hematologic values indicated peripheral blood involvement

for 8 out of the 13 major NHL subtypes presented. Predict-

ably, NHL cases presenting as leukemia, precursor B

lymphoblastic leukemia and precursor T lymphoblastic

leukemia, showed hematologic abnormalities in multiple

lineages. The LDH index was elevated in 11 NHL subtypes

with the highest levels observed for precursor B lympho-

blastic leukemia. Histological grading of follicular

lymphoma cases was performed based on the absolute

number of centroblasts present in neoplastic follicules.

These findings indicate that 43% of the follicular lymphoma

cases in our laboratory were classified grade 3. Viral sero-

logy for hepatitis C virus (HCV) was performed in 509 NHL

cases (data not shown). Only five cases were positive for

HCV serology: three cases of precursor B lymphoblastic

leukemia, one case of angioimmunoblastic T cell leukemia

and one case of anaplastic large cell lymphoma. Serology for

HIV was measured in cases of NHL, but because individuals

testing positive for HIV in China are routinely quarantined,

no HIV+ cases of NHL were encountered in this series.

Table 2 Comparison of the

distribution of NHL subtypes in

China classified according to

WHO criteria

a Diagnosed and classified in

series at a single diagnostic

laboratory in Shanghai China

over a 4-year period (n = 728)
b Adaptation from Jinfen Wang

et al. (2005) [14] (n = 385)

Distribution in Shanghaia

(n = 728)

% (n)

Wang et al.b

(n = 385)

% (n)

B-cell NHL 78.0 (568) 68.3 (263)

T/NK cell NHL 20.7 (151) 30.6 (119)

NHL NOS 1.2 (9)

Diffuse large B cell lymphoma 29.1 (212) 35.1 (135)

Precursor B lymphoblastic leukemiaa(137)/

lymphomaa(3)

19.2 (140) 1.0 (4)

Chronic lymphocytic leukemiaa(29)/

small lymphocytic lymphomaa(42)

9.8 (71) 3.6 (14)

Follicular lymphoma 7.0 (51) 8.6 (33)

Precursor T lymphoblastic leukemiaa(25)/

lymphomaa(21)

6.3 (46) 7.0 (27)

Peripheral T cell lymphoma, unspecified 5.5 (40) 12.0 (46)

Angioimmunoblastic T cell lymphoma 3.6 (26) 2.3 (9)

Plasma cell myeloma 2.9 (21) 1.3 (5)

Extranodal marginal zone B cell lymphoma (MALT) 2.5 (18) 11.7 (45)

Anaplastic large cell lymphoma 2.1 (15) 4.2 (16)

Mantle cell lymphoma 1.9 (14) 2.6 (10)

Burkitt lymphomaa(10)/leukemiaa(2) 1.6 (12) 0.3 (1)

Aggressive NK cell leukemia 1.2 (9) (0)

Nodal marginal zone B cell lymphoma 1.1 (8) 0.5 (2)

Lymphoplasmacytic lymphoma 0.8 (6) 2.3 (9)

Splenic marginal zone lymphoma 0.7 (5) 0.3 (1)

Extranodal NK/T cell lymphoma 0.6 (4) 1.3 (5)

T cell prolymphocytic leukemia 0.6 (4) 0.5 (2)

B-cell prolymphocytic leukemia 0.6 (4) 0.5 (2)

T cell large granular lymphocytic leukemia 0.6 (4) (0)

Other NHL subtypes represented at \1% \2.5 (18) \1.0 (4)
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3.6 Clonal abnormalities associated with NHL

subtypes

Cytogenetic and/or FISH analysis was performed in 724

out of 728 cases of NHL. Informative analysis was

obtained in 603 cases and the overall rate for clonal

abnormalities in all NHL cases was 81%. Cytogenetic

abnormalities for the most prevalent B cell and T/NK cell

NHL subtypes are presented in Table 5. The most common

cytogenetic abnormality observed in precursor B lympho-

blastic leukemia was t(9;22) (37%). Predictably, all

follicular lymphomas had clonal cytogenetic abnormalities

with complex abnormalities observed in 72% of cases.

However, t(14;18) was observed in only 37% of follicular

lymphoma cases. Trisomy 12 (+12) was observed in 25%

(13/52) of CLL/SLL cases where clonal abnormalities were

observed. Overall, complex karyotypes predominated in all

NHL subtypes. Whenever possible, genetic aberrations

observed in chromosomal analysis were further confirmed

by FISH analysis with appropriate probes (Fig. 2).

4 Discussion

We present 831 consecutive cases of newly diagnosed

lymphoid neoplasms evaluated in a single laboratory in

Shanghai, China. Patients with suspected lymphoid neo-

plasms were referred from 29 participating hospitals in the

Shanghai area. Prospective diagnosis and disease classifi-

cation were based on the WHO system (2001) [2].

Consistent with previous reports, our findings indicate that

87.6% of the lymphoid neoplasms are NHL and 12.4% are

Hodgkin lymphoma [14]. Of the NHL cases diagnosed in

our series, the frequency of B cell NHL is 78.0% and T/NK

cell NHL is 20.7%, confirming that although B cell neo-

plasms predominate, NHL of T/NK cell origin are more

frequently encountered in China than in the West [14, 16,

17]. Predictably, there is a general 2:1 predisposition of

males over females for all NHL. Notable exceptions were

CLL/SLL (male:female = 3:1), mantle cell lymphoma

(male:female = 3.7:1) and precursor B lymphoblastic

leukemia (male:female = 0.94:1).

Historically, the largest previous Western study of NHL

employed the REAL system which classified solid tumors

of immature B and T cell origin as lymphoblastic lym-

phoma. Precursor B and T cell leukemias were evaluated

separately as acute lymphoblastic leukemia (ALL). Ar-

mitage and colleagues [18] compiled 1,403 cases of NHL

diagnosed by REAL from 9 different countries and repor-

ted diffuse large B cell lymphoma (31%) was the most

common form of B cell neoplasm followed by follicular

lymphoma (22%). CLL/SLL, peripheral T cell lymphoma-

unspecified, mantle cell lymphoma and extranodal mar-

ginal zone B cell lymphoma were all represented relatively

equally in the population (5–6%). Lymphoid neoplasms of

T cell origin represented only 9–10% of NHL. Similar to
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Fig. 1 Age and gender distribution for both males and females

diagnosed with a All NHL, b B cell NHL and c T cell NHL in

Shanghai, China

Table 3 Distribution of NHL cases from Shanghai and nearby

provinces

Province Percent

Shanghai 78.5

Zhejiang 7.5

Jiangsu 6.4

Anhuei 3.3

Jiangxi 1.6

Sichuan 0.7

Othera \2.0

a Additional provinces each represented at less than 0.5
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Armitage, diffuse large B cell lymphoma (45%) was the

most prevalent NHL subtype diagnosed in our laboratory in

Shanghai. However, significant differences were observed

between our series and Armitage for CLL/SLL, follicular

lymphoma and T cell neoplasms. CLL/SLL was almost 3

times more prevalent in our series (15%), whereas folli-

cular lymphoma represented only 11% in our series

compared to 22% in Armitage. Malignant lymphoma of T

cell origin was also more prevalent in our series (24%)

compared to Armitage (9–10%).

A total of 81% of CLL/SLL presented with structural

cytogenetic abnormalities in our series. The most fre-

quently encountered abnormality was trisomy 12 (25%)

which is similar to that reported in Western populations

(*20%) [2]. Conflicting reports concerning the prevalence

of CLL/SLL in Asia have appeared over the last decade

with the prevalence ranging from 3.6% (Wang et al. 2005)

to 12.5% (Kwong et al. 1994) [9, 14, 16]. Our findings

indicate a relatively high prevalence of CLL/SLL for NHL

in Shanghai (9.8 and 15% for WHO and REAL, respec-

tively). A possible explanation for the disparity between

these results and some other studies may involve variations

in the sampling and/or diagnostic methodologies

employed. Historically in China, lymphoid neoplasms

presenting as leukemias are more likely to be reported by

hematologists, whereas solid lymphoid tumors are more

likely to be encountered by pathologists. Therefore, even

utilizing WHO 2001 criteria, retrospective studies may

have a selection bias based on the source of material

sampled for evaluation.

The potential impact of sampling bias is further illus-

trated by the marked difference in prevalence between

precursor B lymphoblastic leukemia in our series (19.2%)

compared to Wang et al. (1.0%) [14]. Even though both

employed WHO diagnostic criteria, the vast majority of

precursor B lymphoblastic leukemia in our series initially

presented as hematology cases and not as solid tissue

tumors. The majority of studies of precursor B lympho-

blastic leukemia focus on children with immature B cell

leukemia being the most common form of leukemia diag-

nosed in the West under the age of 6 years and in youths

[19]. However, in the West adult precursor B lympho-

blastic leukemia is rarely diagnosed in the general adult

population (0.7–1.8/100,000 per year) [20]. Precursor B

lymphoblastic leukemia/lymphoma was the second most

frequently diagnosed lymphoid neoplasm in our series in

Shanghai (n = 140). Taken together, these findings suggest

that the adult form of the disease may be under-reported in

China. Not only did females predominate in precursor B

lymphoblastic leukemia, there was a marked gender dif-

ference in the median age at presentation, suggesting

possible differences in the etiology or pathogenesis of

precursor B lymphoblastic leukemia.

Reflecting the lower prevalence of follicular lymphoma

in Asian populations relative to the West, this disease

represented only 7% of the NHL in our series based on

WHO classification [4, 14, 17, 21–23]. Although, complex

cytogenetic abnormalities were observed in virtually all

cases analyzed in this series, an explanation for the low

frequency of t(14;18) is not immediately apparent.

Table 4 Mean laboratory values for the most prevalent NHL subtypes diagnosed in series according to WHO in Shanghai, China in a 4-year

period

ANC (109/L) ALC (109/L) PLT (109/L) Hgb (g/dL) LDH

Index

Diffuse large B cell lymphomaa(125/212) 3.7 1.4 200.2 12.1 4.7b

Precursor B lymphoblastic leukemiaa(137/137) 2.2 18.6b 71.0b 9.0b 4.2b

Chronic lymphocytic leukemia/small lymphocytic lymphomaa(54/71) 2.9 12.7b 171.1 11.9b 1.1

Follicular lymphomaa(26/51) 3.7 1.7 207.5 13.3 1.3b

Extranodal marginal zone B cell lymphoma (MALT)a(13/18) 1.9 6.2 135.0 7.7b 0.9

Plasma cell myelomaa(21/21) 2.8 2.7 132.6 6.7b 1.2b

Mantle cell lymphomaa(7/14) 3.3 3.9 142.5 11.7b 1.3b

Peripheral T cell lymphoma, unspecifieda(23/40) 3.1 1.9 176.5 11.2b 1.3b

Angioimmunoblastic T cell lymphomaa(16/26) 4.4 1.3 200.0 12.0 1.4b

Precursor T lymphoblastic leukemiaa(25/25) 2.2 27.2b 124.0 10.2b 3.6b

Anaplastic large cell lymphoma a (8/15) 5.4 6.0 199.0 11.9b 2.1b

Precursor T lymphoblastic lymphoma a(5/21) 3.6 2.3 247.4 12.3 1.2b

Burkitt lymphoma a(6/10) 3.8 5.9 240.0 12.0 2.8b

Abbreviations and references ranges: absolute neutrophil count (ANC) 2–7 9 109 L-1, absolute lymphocyte count (ALC) 1.6–6 9 109 L-1,

platelet count (PLT) 100–300 9 109 L-1, lactate dehydrogenase (LDH) Index = n IU L-1(255 IU L-1)-1, hemoglobin (Hgb) 12–16 g dL-1

a Cases with laboratory values versus total number of cases ()
b Indicates abnormal laboratory value
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Typical of Asia, the frequency of T cell neoplasms in

Shanghai is approximately 3 times higher than encountered

in Western populations. Surprisingly, rare neoplasms (i.e.,

anaplastic large T/null cell lymphoma, angioimmunoblastic

T cell lymphoma and aggressive NK cell leukemia) toge-

ther constituted the majority of T cell lymphomas, while

peripheral T cell lymphoma was not encountered more

often than reported in Western studies [17, 18]. The

majority of these tumors exhibited complex karyotypes.

EBER positive cells were detected in 63% of angioimm-

unoblastic T cell lymphoma and in all cases of aggressive

NK cell leukemia (a diagnostic criteria for this disease)

[24].

NHLs are a heterogeneous group of neoplasms with

complex clinical, biological and molecular features. It is

becoming increasingly appreciated that significant regional

differences in the pattern of NHL subtypes exist that can be

attributed to multiple factors, such as infection, family

history, genetic predisposition, autoimmune disease, envi-

ronment, immunosuppression as well as methodologic

limitations or artifact. Our findings provide the first pro-

spective basis for comparison of the prevalence of NHL

subtypes in Shanghai based on WHO 2001 criteria and

serve as a point of departure for future studies to better

understand the contribution of multiple influences on the

development of these diseases in China.

Table 5 Clonal abnormalities

in NHL subtypes diagnosed in

series according to WHO in

Shanghai, China in a 4-year

period

Definitions: Abn. Refers to an

abnormality in a particular

chromosome. Complex refers to

a karyotype with greater than

two independent cytogenetic

lesions. Informative cytogenetic

and/or FISH analysis refers to

cases with a positive FISH

analysis and either a normal

karyotype or abnormal

karyotype in greater than or

equal to 20 metaphases (see

Sect. ‘‘Materials and methods’’)
a All cases of Burkitt

Lymphoma were positive for c-

myc by cytogenetics, FISH or

immunohistochemistry

NHL subtype Patients with

informative

analysis

(%)

Structural

abnormalities

(%)

Most common

abnormality

Diffuse large B cell lymphoma 180/212 (85%) 174/180 (97%) Abn. 13 (7%)

t(3;14) (10%)

6q- (12%)

t(14;18) (3%)

IGH rearrangements

(26%)

Precursor B lymphoblastic leukemia 114/137 (83%) 87/114 (76%) t(9;22) (37%)

+8 (13%)

-7 (10%)

Chronic lymphocytic leukemia/small

lymphocytic lymphoma

64/71 (90%) 52/64 (81%) +12 (25%)

IGH rearrangements

(21%)

11q- (11%)

Follicular lymphoma 43/51 (84%) 43/43 (100%) t(14;18) (37%)

+7 (6%)

t(13;14) (8%)

IGH rearrangements

(14%)

Complex (72%)

Extranodal marginal zone B cell lymphoma 11/18 (61%) 4/11 (36%) Complex (75%)

Plasma cell myeloma 16/21 (76%) 11/16 (69%) Complex (82%)

Mantle cell lymphoma 12/14 (86%) 12/12 (100%) t(11;14) (42%)

Peripheral T cell lymphoma, unspecified 28/40 (70%) 16/28 (57%) +X (19%)

del (6) (19%)

Complex (69%)

Angioimmunoblastic T cell lymphoma 19/26 (73%) 7/19 (37%) Abn. X or Y (57%)

Precursor T lymphoblastic leukemia 21/25 (84%) 17/21(81%) Complex (82%)

Anaplastic large cell lymphoma 11/15 (73%) 7/11(64%) Complex (86%)

Precursor T lymphoblastic lymphoma 16/21 (76%) 11/16 (69%) Abn. (1)(p36) (27%)

abn 5 (27%)

Complex (73%)

Burkitt lymphoma 9/10a (90%) 4/9 (44%) t(8;14) (40%)

Complex (43%)

Prospective study of NHL in Shanghai, China 171

123



Acknowledgments We would like to extend our appreciation to

Ann Louden for manuscript and clerical assistance and Allan Hol-

somback for database management. We would also like to thank the

participating hospitals including Cancer Hospital, Huashan Hospital,

Xinhua Hospital, Long March Hospital, Huang Pu Central District

Hospital, Renji Hospital, Ruijin Hospital, Huadong Hospital, Jin An

Central Hospital, No. 1 People’s Hospital, No. 5 People’s Hospital,

No. 6 People’s Hospital, No. 9 People’s Hospital, Yang Pu Central

Hospital, Zha Bei Central Hospital, Shu Guang Hospital, Chang Ning

Central Hospital, Tong Ji Hospital, Shong Jin Central Hospital, Zhong

Shan Hospital, Railway Hospital, Rong Hua Hospital, Changhai

Hospital, Occupational Disease Hospital, Jiading Central Hospital,

455 Hospital, Shidong Hospital, No. 1 Baoshan Hospital, and Putuo

Central Hospital.

References

1. Aisenberg AC. Understanding non-Hodgkin’s lymphoma. Sci

Med. 1997;4:28–37.

2. Jaffe E, Harris N, Stein H, Vardiman J. World Health Organi-

zation classification of tumours. Pathology and genetics of

tumours of haematopoietic and lymphoid tissues. Lyon: IARC

Press; 2001.

3. Harris NL, Jaffe ES, Stein H, et al. A revised European-American

classification of lymphoid neoplasms: a proposal from the

International Lymphoma Study Group. Blood. 1994;84:1361–92.

4. Harrington DS, Ye Y, Weisenburger DD, et al. Malignant

Lymphoma in Nebraska and Guangzhou, China. Hum Pathol.

1987;18:924–8.

5. Ohshima K, Suzumiya J, Sato K, Kanda M, Haraoka S, Kikuchi

M. B-cell lymphoma of 708 cases in Japan: incidence rates and

clinical prognosis according to the REAL classification. Cancer

Lett. 1999;135:73–81.

6. Ko Y-H, Kim C-W, Park C-S, et al. REAL classification of

malignant lymphomas in the Republic of Korea: incidence of

recently recognized entities and changes in clinicopathologic

features. Cancer. 1998;83:806–11.

7. Intragumtornchai T, Wannakrairoj P, Chaimongkol B, et al. Non-

Hodgkin’s lymphomas in Thailand: a retrospective pathologic

and clinical analysis of 1,391 cases. Cancer. 1996;78:1813–9.

8. Ho FC, Todd D, Loke SL, Ng RP, Khoo RK. Clinico-pathological

features of malignant lymphomas in 294 Hong Kong Chinese

patients, retrospective study covering an eight-year period. Int J

Cancer. 1984;34:143–8.

9. Kwong YL, Wong KF, Chan LC, et al. The spectrum of chronic

lymphoproliferative disorders in Chinese people. An analysis of

64 cases. Cancer. 1994;74:174–81.

10. World Health Organization. World cancer report. Lyon: IARC

Press; 2003.

11. Alexander DD, Mink PJ, Adami HO, et al. The non-Hodgkin

lymphomas: a review of the epidemiologic literature. Int J Can-

cer. 2007;120:1–39.

12. Cucuianu A, Patiu M, Duma M, et al. Hepatitis B and C virus

infection in Romanian non-Hodgkin’s lymphoma patients. Br J

Haematol. 1999;107:353–6.

13. Wang F, Xu RH, Han B, et al. High incidence of Hepatitis B virus

infection in B-cell subtype non-Hodgkin lymphoma compared

with other cancers. Cancer. 2007;109:1360–4.

14. Wang J, Young L, Win W, Taylor CR. Distribution and Zap-70

expression of WHO lymphoma categories in Shanxi, China: a

review of 447 cases using a tissue microarray technique. Appl

Immunohistochem Mol Morphol. 2005;13:323–32.

Fig. 2 FISH analysis of IGH fusion genes. a FISH using IGH
BreakApart probe. Fusion signal represents normal; green and red
represent rearranged 50 and 30, respectively, of IGH locus. b FISH

with the Dual-fusion and Dual-color CCND1/IGH probe. Fusion

signals represent fusion genes. c FISH with the Dual-fusion and Dual-

color BCL2/IGH probe. Fusion signals represent fusion genes

172 S. A. Gross et al.

123



15 Mitelman F. An international system for human cytogenetic

nomenclature: recommendations of the International Standing

Committee on Human Cytogenetic Nomenclature, Memphis, TN,

October 1994. New York: Karger; 1995.

16. Xiao C, Su ZL, Wu QL, et al. Clinical and pathological reas-

sessment of 493 cases of non-Hodgkin’s lymphomas according to

current WHO classification of lymphoid neoplasms. (Chinese).

Chinese Journal of Pathology. 2005;34:22–7.

17. Shih LY, Liang DC. Non-Hodgkin’s lymphomas in Asia.

Hematol Oncol Clin North Am. 1991;5:983–1001.

18. Armitage JO, Weisenburger DD. New approach to classifying

non-Hodgkin’s lymphomas: clinical features of the major histo-

logic subtypes. Non-Hodgkin’s lymphoma classification project.

J Clin Oncol. 1998;16:2780–95.

19. Copelan EA, McGuire EA. The biology and treatment of acute

lymphoblastic leukemia in adults. Blood. 1995;85:1151–68.

20. Gokbuget N, Hoelzer D. Recent approaches in acute lymphoblastic

leukemia in adults. Rev Clin Exp Hematol. 2002;6:114–41.

21. Ohshima K, Suzumiya J, Kikuchi M. The World Health Orga-

nization classification of malignant lymphoma: incidence and

clinical prognosis in HTLV-1-endemic area of Fukuoka. Pathol

Int. 2002;52:1–12.

22. Chuang SS, Lin CN, Li CY. Malignant lymphoma in Southern

Taiwan according to the revised European-American classifica-

tion of lymphoid neoplasms. Cancer. 2000;89:1586–92.

23. Chen CY, Yao M, Tang JL, et al. Chromosomal abnormalities of

200 Chinese patients with non-Hodgkin’s lymphoma in Taiwan:

with special reference to T-cell lymphoma. Ann Oncol.

2004;15:1091–6.

24. Ryder J, Wang X, Bao L, Gross S, Hua F, Irons R. Aggressive

natural killer cell leukemia: report of a Chinese series and review

of the literature. Int J Hematol. 2007;85:18–25.

Prospective study of NHL in Shanghai, China 173

123


	A prospective study of 728 cases of non-Hodgkin lymphoma �from a single laboratory in Shanghai, China
	Abstract
	Introduction
	Materials and methods
	Case series
	Sample collection and clinical laboratory analysis
	Morphology
	Cytogenetic analysis
	Fluorescence in situ hybridization analysis (FISH)

	Results
	Total number lymphoid neoplasms diagnosed using WHO classification criteria
	NHL subtypes defined by WHO criteria
	Gender and age distribution of NHL subtypes �as defined by WHO criteria
	Distribution of NHL cases from Shanghai �and nearby provinces
	Clinical features associated with NHL subtypes
	Clonal abnormalities associated with NHL subtypes

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


