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Prior studies describe an increased incidence of lymphoma in celiac disease. However, few studies differenti-
ate among lymphoproliferative disorders (LPDs). Our aim was to determine incidences of LPD subtypes in ce-
liac disease patients, describe patterns of celiac disease presentation in patients who develop LPD, and com-
pare survival in patients with various LPD subtypes. We conducted a retrospective cohort study of adults with
biopsy-proven celiac disease seen at a US referral center from 1981 to 2010, identified patients with comorbid
LPD, and calculated standardized incidence ratios (SIR) for each LPD subtype. In our cohort of 1,285 patients
with celiac disease, there were 40 patients with LPD [SIR 5 6.48, 95% confidence interval (CI) 5 4.62–8.64]
including 33 with non-Hodgkin lymphoma (NHL, SIR 5 6.91, 95% CI 5 4.26–8.28). The incidences of NHL sub-
types including enteropathy-associated T-cell (EATL, n 5 12), non-EATL T-cell (SIR 5 22.43, 95% CI 5 7.08–
46.41), diffuse large B-cell (SIR 5 5.37, 95% CI 5 1.93–10.52), mantle cell (SIR 5 32.21, 95% CI 5 6.07–78.97),
and marginal zone (SIR 5 37.17, 11.73–76.89) lymphoma remained significantly elevated when only those diag-
nosed with celiac before LPD were considered (n 5 24, NHL SIR 5 4.47, 95% CI 5 2.86–6.44). Patients who
developed LPD were older at time of celiac disease diagnosis (57.9 ± 15.5 versus 42.5 ± 17.4 years, P < 0.0001)
and more likely to present with diarrhea (60.0% versus 39.8% P 5 0.016), abdominal pain (17.5% versus 5.5%
P 5 0.0046), and/or weight loss (12.5% versus 4.0%, P 5 0.028). EATL patients had a shorter average survival
than non-EATL NHL patients (3.2 versus 15.0 years, P 5 0.016). The incidence of LPD is increased in celiac
disease patients. Those diagnosed later in life who present with symptoms of malabsorption are more likely to
be diagnosed with LPD. Am. J. Hematol. 87:754–759, 2012. VVC 2012 Wiley Periodicals, Inc.

Introduction
Celiac disease is an autoimmune disorder that occurs in

genetically susceptible individuals due to an immune medi-
ated inflammatory reaction to dietary gluten [1]. It is common,
occurring in 1% of the population worldwide. Celiac disease
is considered an emerging disorder as the prevalence has
increased � fivefold over the past 50 years [2]. Despite
improved diagnostic techniques and increased awareness, it
is considered that those diagnosed with celiac disease repre-
sent only a fraction of the true prevalence [3]. With the rising
prevalence, there has been a growing interest in studying the
complications of longstanding disease, particularly the
observed increased mortality in patients with celiac disease
compared with that of the general population. This increased
mortality has been mainly attributed to the elevated incidence
of malignancy, including lymphoma [4–7].
Lymphoproliferative disorder (LPD) is a general term that

includes lymphoma, chronic lymphocytic leukemia (CLL),
and plasma cell dyscrasias such as multiple myeloma.
Within LPD, lymphoma is typically classified as Hodgkin
lymphoma or non-Hodgkin lymphoma (NHL). NHL can be
further divided into B-cell NHL or T-cell NHL. B-cell NHL
includes subtypes such as diffuse large B-cell lymphoma
(DLBCL), mantle cell lymphoma, marginal zone lymphoma,
and follicular lymphoma. T-cell NHL includes subtypes such
as cutaneous T-cell lymphoma, peripheral T-cell lymphoma,
and enteropathy-associated T-cell lymphoma (EATL). It is
clinically important to distinguish among the various sub-
types of LPD due to the differences in natural history, prog-
nosis, and approach to treatment.
Prior studies on the incidence of lymphomas in celiac

disease commonly distinguish between Hodgkin and non-
Hodgkin lymphoma as well as B-cell and T-cell NHL. How-
ever, only a small number of studies further differentiate
among NHL subtypes and even fewer studies include other
LPD subtypes such as CLL and multiple myeloma [8–16].
Additionally, how to identify celiac disease patients with an
increased risk of developing LPD remains unclear.

Our aim was to determine the incidences of LPD sub-
types in a large cohort of patients with celiac disease seen
at a single outpatient, tertiary referral center compared with
the expected population based frequency in the United
States. In addition, we determined the pattern of celiac dis-
ease presentation in patients who were diagnosed with
concurrent LPD compared with those who were not and
compared survival in celiac disease patients diagnosed
with various LPD subtypes.

Methods
We conducted a retrospective cohort study of patients seen at the

Celiac Disease Center at Columbia University Medical Center, a tertiary
outpatient referral center, from 1981 to 2010. A list of patients with ce-
liac disease was obtained from a preexisting institutional review board
(IRB)-approved database. All patients had biopsy-proven celiac disease
and were age 18 or older at time of evaluation at the Celiac Disease
Center. We obtained prospectively collected data on gender, age at ce-
liac disease diagnosis, presenting symptoms at time of celiac disease
diagnosis, and survival for each patient in the cohort. Patients with
comorbid LPD were identified by performing a manual search of the
database as well as performing an ICD-9 search of the electronic medi-
cal record used at Columbia University Medical Center. For those with
LPD, we also determined age at LPD diagnosis and time elapsed
between celiac disease and LPD diagnoses.
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LPD was defined as Hodgkin lymphoma, NHL, CLL, or multiple my-
eloma. NHL was further classified as EATL, non-EATL T-cell NHL, or B-
cell NHL. Cases of B-cell NHL were subclassified as marginal zone
lymphoma, mantle cell lymphoma, follicular lymphoma, DLBCL, or
post-transplant LPD. All cases of LPD were confirmed by histopathol-
ogy, immunophenotype, cytogenetics, and radiographic data as avail-
able; then staged according to the Ann Arbor staging system for Hodg-
kin and NHL or Rai classification system for CLL.

We calculated age and sex-adjusted standardized incidence ratios
(SIR) and correlating 95% confidence intervals (95% CI) using the Sur-
veillance, Epidemiology, and End Result (SEER) database to estimate
the expected incidences of LPD subtypes in the general U.S. popula-
tion. The SEER database is a resource established by the National
Cancer Institute that collects cancer statistics from specific geographic
areas representing 28% of the U.S. population [17]. The SIR was not
calculated for a LPD subtype if the observed incidence was less than
two or if the expected incidence was zero. In addition, we calculated
the number of person-years at risk for each age group starting from di-
agnosis of celiac disease and ending with the diagnosis of LPD, death,
or the last follow-up date in this analysis. Because patients who were
diagnosed with LPD before diagnosis of celiac disease contributed no
person-years at risk, we performed a sensitivity analysis, repeating the
calculation of SIRs while excluding this group of individuals.

Throughout the analysis, a two-tailed P-value less than 0.05 was
considered significant. For the survival analysis, SAS software (version
9.2, Cary, NC) was used to create Kaplan Meier curves, and equality
testing was performed using log rank test with alpha cutoff of 0.05.

Results
There were 1,285 celiac disease patients in our cohort

with a total of 12,693 person-years of observation (Table I).
There were 46 patients (3.5%) diagnosed with celiac dis-
ease before 1980, 62 patients (4.8%) diagnosed in the
1980s, 365 patients (28.4%) diagnosed in the 1990s, and
812 patients (63.2%) diagnosed in the 2000s. Of the 40
patients with celiac disease and LPD, two (5%) were diag-
nosed with celiac disease before 1980, one (2.5%) was
diagnosed in the 1980s, 17 (42%) were diagnosed in the
1990s, and 20 (50%) were diagnosed in the 2000s. The
mean duration of follow-up for patients with celiac only was
10.6 ± 8.2 years versus 6.6 ± 7.5 years in patients with ce-
liac and LPD.
Of the 1,285 patients with celiac disease, 40 patients

with LPD (SIR 6.48, 95% CI 4.62–8.64) were identified.
There were 33 patients with NHL, one with Hodgkin lym-
phoma, and six with CLL, but no patient with multiple my-
eloma was identified. The SIRs for each LPD subtype are
shown in Table II. Of the 33 patients with NHL, there were
16 cases of B-cell NHL, five cases of non-EATL T-cell lym-
phoma, and 12 cases of EATL. Due to the rarity of EATL
cases in the SEER database, the expected incidence of
EATL is listed as zero, and therefore, we were unable to
calculate the SIR of EATL. Non-EATL T-cell lymphoma
included one patient with cutaneous T-cell lymphoma, two

patients with peripheral T-cell lymphoma, and two patients
with NK-T cell leukemia/lymphoma. Of the 16 cases of B-
cell NHL, there were six cases of DLBCL, three cases of
mantle cell lymphoma, five cases of marginal zone lym-
phoma, one case of follicular lymphoma, and one case of
post-transplant LPD.
Of the 1,285 patients with celiac disease, 905 (70%)

were women and 380 (30%) were men. Twenty-four (60%)
of the 40 patients diagnosed with LPD were women, 16
(40%) were men. The proportion of women with celiac dis-
ease diagnosed with concurrent LPD was 0.027, the pro-
portion of males with celiac disease and concurrent LPD
was 0.042 (Table I). The SIRs of LPD overall in men (SIR
6.01, 95% CI 3.42–9.31) and women (SIR 6.84, 95% CI
4.37–9.84) were similar (Table II).
The timing of the diagnosis of lymphoma in relationship

to the timing of the diagnosis of celiac disease is shown in
Fig. 1. Twenty-four patients were diagnosed with celiac dis-
ease before LPD, six patients were diagnosed with celiac
disease and LPD concurrently (defined as ± 6 months),
and 10 patients were diagnosed with celiac disease after
LPD. No T-cell lymphoma was diagnosed before the diag-
nosis of celiac disease, whereas B-cell lymphoma was
diagnosed both before and after the diagnosis of celiac dis-
ease. Of the patients with T-cell NHL (EATL and non-
EATL), 14 were diagnosed with celiac disease before LPD,
while three were diagnosed with celiac and LPD concur-

TABLE I. Patient Characteristics

Celiac only Celiac and LPD Total

N 1,245 40 1,285
Proportion of CD patients

with LPD
40/1,285 (0.031)

Total men (% of cohort) 364 (29.2%) 16 (40.0%) 380 (29.6%)
Proportion of CD men

with LPD
16/380 (0.042)

Total women (% of cohort) 881 (70.8%) 24 (60.0%) 905 (70.4%)
Proportion CD women

with LPD
24/905 (0.027)

Age at CD diagnosis
Total (SD) years 42.5 (17.4) 57.8 (15.5) 43.0 (17.5)
Men (SD) years 45.4 (18.1) 55.0 (16.6) 45.8 (18.1)
Women (SD) years 41.4 (16.9) 59.7 (14.7) 41.8 (17.1)

LPD, lymphoproliferative disorder; CD, celiac disease; SD, standard deviation.

TABLE II. SIRs and 95% Confidence Intervals, all LPD Patients (N540)

Category N SIR 95% CI

LPD overall 40 6.48 4.62–8.64
LPD men 16 6.01 3.42–9.31
LPD women 24 6.84 4.37–9.84
NHL overall (B-cell and T-cell) 33 6.91 4.26–8.28
NHL: excluding EATL 21 3.91 2.42–5.76
NHL: B-cell overall 16 3.41 1.94–5.29
DLBCL 6 5.37 1.93–10.52
Mantle cell 3 32.21 6.07–78.97
Marginal zone 5 37.17 11.73–76.89
Follicular 1 n/a n/a
Post-transplant LPD 1 n/a n/a

NHL: T-cell (non-EATL) 5 22.43 7.08–46.41
EATL 12 n/a n/a
Hodgkin lymphoma 1 n/a n/a
CLL 6 4.85 1.75–9.51
Multiple myeloma 0 n/a n/a

SIRs, standardized incidence ratios; LPD, lymphoproliferative disorder; NHL,
non-Hodgkin lymphoma; EATL, enteropathy-associated T-cell lymphoma; DLBCL,
diffuse large B-cell lymphoma; CLL, chronic lymphocytic leukemia.

Figure 1. Timing of LPD development in relationship to celiac disease diagnosis.
Each horizontal line on the y-axis represents a different category of LPD and each
point represents one patient (green triangle 5 T-cell NHL, red x 5 EATL, blue dia-
mond 5 B-cell NHL, yellow circle 5 CLL). The x-axis represents time between ce-
liac disease diagnosis and LPD diagnosis, with x 5 0 representing time of celiac
disease diagnosis. Points to the right of the y-axis represent patients diagnosed
with LPD after celiac disease and points to the left of the y-axis represent patients
diagnosed with LPD before celiac disease. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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rently. Of those with B-cell NHL, seven were diagnosed
with celiac disease before LPD, three were diagnosed with
celiac disease and LPD concurrently, and six were diag-
nosed with celiac disease after LPD. Half of the six patients
with CLL were diagnosed with celiac disease before LPD
and half were diagnosed with celiac disease after LPD
(Fig. 1). When only those patients diagnosed with celiac
disease before LPD were considered (N 5 24, Table III),
the SIR results were similar to those calculated using all 40
cases of LPD. The SIRs of LPD overall, NHL overall, man-
tle cell lymphoma, marginal zone lymphoma, and non-EATL
T-cell NHL remained significantly elevated. The prevalence
of EATL remained high in this cohort, and the SIRs of LPD
in men and women remained similarly elevated. However,
the SIRs of DLBCL and CLL were no longer significantly
elevated (Table III).
The mean age at celiac disease diagnosis in the cohort

was 43.0 ± 17.5 years. The mean age at celiac diagnosis
was later in men compared with women (average age in
men 45.8 ± 18.1 years versus 41.8 ± 17.1 years in women,
P-value 5 0.0002, Table I). Patients who were diagnosed
with LPD were diagnosed with celiac disease at a later
age than patients who were not diagnosed with LPD
(average age 57.8 ± 15.5 years versus 42.5 ± 17.4 years,
P-value <0.0001, Table I, Fig. 2).
Patients with celiac disease and LPD were more likely

to present with diarrhea (60.0% versus 39.8%,
P-value 0.016), abdominal pain (17.5% versus 5.5%, P-value
0.0046), and/or weight loss (12.5% versus 4.0%, P-value

0.028) at time of celiac disease diagnosis than patients who
did not develop LPD. There was no difference in the fre-
quency of anemia, bone disease, or dermatitis herpetiformis
at time of celiac disease presentation. The frequencies of di-
agnosis by screening in patients with a positive family history
if celiac disease and incidental diagnosis of celiac disease
during endoscopy performed for other indications were simi-
lar in the two groups. These results did not significantly
change when those diagnosed with celiac disease and LPD
concurrently were excluded (Table IV).
Patients with EATL were diagnosed with celiac disease

at a younger average age than those with other types of
LPD (48.6 ± 14.7 versus 59.2 ± 15.8 years, P 5 0.06) and
were also diagnosed with EATL at a younger average age
than celiac disease patients with other subtypes of LPD
(58.3 ± 15.0 versus 61.5 ± 12.7 years, P 5 0.55), but these
trends were not statistically significant. Seventy-five per-
centage of patients with EATL presented with diarrhea at
time of initial celiac disease diagnosis (Table V).
The pattern of DLBCL presentation in our cohort of celiac

disease patients was atypical compared with the pattern of
presentation of DLBCL in the general population. All six

TABLE III. SIRs and 95% Confidence Intervals for Patients Diagnosed

with Celiac Disease Before LPD (N524)

Category N SIR 95% CI

LPD overall 24 3.89 2.48–5.60
LPD men 10 3.75 1.79–6.44
LPD women 14 3.99 2.17–6.35
NHL overall (B-cell and T-cell) 21 4.47 2.86–6.44
NHL: excluding EATL 12 2.79 1.56–4.39
NHL: B-cell 7 1.49 0.59–2.80
DLBCL 2 1.79 0.17–5.13
Mantle 2 21.47 2.02–61.54
Marginal 3 22.30 4.20–54.68
Follicular 0 n/a n/a
Post-transplant LPD 0 n/a n/a

NHL: T-cell (non-EATL) 5 22.43 7.08–46.41
EATL 9 n/a n/a
Hodgkin 0 n/a n/a
CLL 3 2.43 0.46–5.95
Multiple myeloma 0 n/a n/a

SIRs, standardized incidence ratios; LPD, lymphoproliferative disorder; NHL,
non-Hodgkin lymphoma; EATL, enteropathy-associated T-cell lymphoma; DLBCL,
diffuse large B-cell lymphoma; CLL, chronic lymphocytic leukemia.

Figure 2. Age at celiac disease diagnosis in patients with and without LPD. The
decade of life during which celiac disease was diagnosed is on the x-axis and the
percentage of patients diagnosed during each decade of life is on the y-axis. The
yellow bars represent patients with celiac disease only and the blue bars represent
patients with celiac disease and LPD. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

TABLE IV. Symptoms at Time of Celiac Disease Diagnosis in Patients

with and without LPD

Symptom
Celiac only

N (%)
Celiac and LPD

N (%)

Celiac and LPD
(Excluding patients

diagnosed
concurrently)

Diarrhea 492 (39.8%) 24 (60.0%) 21 (61.8%)
P 5 0.016 P 5 0.010

Abdominal pain 68 (5.5%) 7 (17.5%) 7 (20.6%)
P 5 0.0046 P < 0.0001

Weight loss 50 (4.0%) 5 (12.5%) 5 (14.7%)
P 5 0.028 P 5 0.0026

Anemia 169 (13.7%) 8 (20.0%) 8 (23.5%)
P 5 0.36 P 5 0.10

Screening 193 (15.6%) 3 (7.5%) 2 (5.9%)
P 5 0.24 P 5 0.12

Incidental 58 (4.7%) 1 (2.5%) 1 (2.9%)
P 5 0.79 P 5 0.63

Bone disease 68 (5.5%) 2 (5.0%) 2 (5.9%)
P 5 0.83 P 5 0.92

Dermatitis herpetiformis 20 (1.6%) 1 (2.5%) 0 (0.0%)
P 5 0.84 P 5 0.46

LPD, lymphoproliferative disorder.

TABLE V. Characteristics and Symptoms of Patients with EATL

versus All Other Types of LPD

EATL Other LPD

N 12 28
Characteristics
Age at CD dx (SD) years 48.6 (14.7) 59.2 (15.8)
Age at LPD dx (SD) years 58.3 (15.0) 61.5 (12.7)
Number of women (%) 6 (50.0) 18 (64.3)
Number of men (%) 6 (50.0) 10 (35.7)
Preceding RCD2 (%) 2 (16.7) 0 (0.0)

Symptoms
Diarrhea (%) 75.0 53.6
Incidental (%) 0.0 3.6
Screen (%) 0.0 10.7
Bone disease (%) 0.0 7.1
Anemia (%) 8.3 25.0
Weight loss (%) 8.3 14.3
Abdominal pain (%) 8.3 21.4
Lymphoma (%) 8.3 17.9
Dermatitis herpetiformis (%) 0.0 3.6
Neuropathy (%) 0.0 0.0

EATL, enteropathy associated T-cell lymphoma; LPD, lymphoproliferative disor-
der; CD, celiac disease; SD, standard deviation; RCD2, refractory celiac disease
Type 2.

756 American Journal of Hematology

research article



DLBCL patients had extranodal disease with DLBCL con-
fined to the GI tract in four of the six patients; one with jeju-
nal DLBCL, two with gastric DLBCL, and one with DLBCL
of the transverse colon. The fifth patient presented with a
malignant pleural effusion and a jejunal mass; however, an
intestinal biopsy was not obtained to determine the etiology
of the jejunal abnormality. The sixth patient also had extra-
nodal DLBCL with isolated long bone involvement. All five
patients with marginal zone lymphoma had typical presen-
tations. There were two cases of splenic marginal zone in
patients who presented with splenomegaly, one case of
nodal marginal zone in a patient who presented with lymph-
adenopathy, and two cases of localized extranodal marginal
zone lymphoma of the mucosa associated lymphoid tissue
(MALT) type. Both cases of MALT lymphoma were gastric
MALT in Helicobacter pylori negative patients. All three
patients with mantle cell lymphoma presented with Stage
IV disease; no case of mantle cell involved the gastrointes-
tinal tract. All patients with EATL has gastrointestinal tract
involvement; six of the 12 patients with EATL presented
with Stage I disease, four with Stage II disease, and two
with Stage IV disease. All six patients with CLL presented
classically with asymptomatic lymphocytosis with or without
lymphadenopathy, splenomegaly, anemia, and/or thrombo-
cytopenia.
Fifteen of the 40 patients with celiac disease and LPD

died during the study period. The mean survival for patients
with EATL or non-EATL T-cell NHL was short (mean sur-
vival 3.2 ± 0.9 years and 2.8 ± 1.2 years, respectively)
compared with patients with B-cell NHL or CLL (mean sur-
vival 15.5 ± 2.3 years and 18.9 ± 1.1 years, respectively, P
5 0.033; Fig. 3).

Discussion
We describe an increased incidence of LPD, particularly

various types of NHL, in patients with celiac disease seen
at a tertiary care referral center compared with that of the
general U.S. population. Although the increased risk of T-
cell lymphoma is generally appreciated in this population
[13–16,18], in this study, the incidence of T-cell NHL (N 5
17) and B-cell NHL (N 5 16) were equally elevated in indi-
viduals with biopsy proven celiac disease. For B-cell NHL
subtypes, similar to prior studies, an increased incidence of
DLBCL was noted. We also found an increased incidence
of marginal zone and mantle cell lymphoma, subtypes that
frequently involve the gastrointestinal tract but have not
previously been thought to be strongly associated with ce-
liac disease. Marginal zone lymphoma is classically associ-

ated with conditions that cause chronic inflammation, such
as H. pylori infection or Sjogren’s disease [19,20]. There-
fore, the high prevalence of marginal zone lymphoma in
patients with celiac disease, a chronic inflammatory disor-
der of the bowel, is not surprising and has been suggested
but not quantified previously. The majority of mantle cell
lymphomas are thought to arise from naı̈ve B-cell precur-
sors or B-cells that have not been antigenically stimulated
[21]. However, recent studies have shown that �20% of
mantle cell lymphomas exhibit evidence of somatic hyper-
mutation suggesting an origin from B-cells that have trans-
ited the germinal center [22,23]. If it is determined that
patients with celiac disease develop mantle cell lymphomas
with mutated immunoglobulin variable region genes, a com-
mon pathophysiologic mechanism between mantle cell and
marginal zone lymphoma may be uncovered. On the other
hand, no cases of multiple myeloma were detected with
1.23 cases expected. This may either represent an ab-
sence of increased risk or possibly a decreased risk of mul-
tiple myeloma in patients with celiac disease. Although
there is a paucity of data on the incidence of multiple my-
eloma in patient with celiac disease, this finding is consist-
ent with the absence of increased risk recently described
by Elfström et al. [15].
The increased incidence of DLBCL in our cohort was

similar to that described in previous studies [16]; however,
the mode of DLBCL presentation in our cohort of celiac dis-
ease patients was atypical. In the general population nodal,
DLBCL is more common than extranodal DLBCL, which
accounts for �25%–30% of DLBCL cases. The most com-
mon primary sites of extranodal DLBCL include the gastro-
intestinal tract, skin, bones, central nervous system, and
testes [24]. In our cohort, all six patients with DLBCL had
extranodal disease. Additionally, four of the six patients had
isolated primary gastrointestinal disease. Although screen-
ing for celiac disease in all patients with lymphoma has not
been shown to be of value [25,26], celiac disease screen-
ing may be indicated in those diagnosed with extranodal
DLBCL of the gastrointestinal tract.
It is generally accepted that the incidence of LPD is

higher in males than females [27–29]. The fact that autoim-
mune conditions are more common in females than males
has also been well described [30–32]. The 3:7 male to
female ratio in our cohort is similar to the gender distribu-
tion reported in prior studies of celiac disease patients.
Similar to LPD overall, the prevalence of LPD in males with
celiac disease was higher than females with celiac disease.
However, comparable SIRs of LPD in males and females in
our cohort argues against gender as an independent risk
factor for development of LPD in celiac disease.
Silano et al. [33] suggest that the risk of malignancy is

increased in patients who are diagnosed with celiac dis-
ease later in life. Similarly, we found that patients diag-
nosed with celiac disease after age 50 were more likely to
develop LPD than those diagnosed with celiac disease
before age 50. This suggests that a prolonged period of
continued gluten ingestion before celiac disease diagnosis
may be a risk factor for developing LPD and, therefore, age
at celiac disease diagnosis should be considered when try-
ing to identify celiac disease patients at increased risk of
developing LPD.
Corrao et al. [34] reported increased mortality in celiac

disease patients who initially present with a malabsorption
syndrome compared with celiac disease patients who pres-
ent with mild or absent symptoms. The increased mortality
was attributed to malignant complications, most commonly
lymphoma. In our cohort, patients who presented with diar-
rhea, abdominal pain, and/or weight loss were more likely
to develop LPD than those without these symptoms. To

Figure 3. Survival by LPD subtype. The observation time is on the x-axis, with t 5
0 representing time at LPD diagnosis. The proportion of patients living is on the y-
axis. Open circles represent the time point at which data was right-censored for a
single patient. Right-censoring was necessary due to staggered entry and loss to
follow-up. The number at risk at each time point is listed below the x-axis. [Color fig-
ure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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ensure these symptoms were not due to an underlying LPD
rather than celiac disease, a second comparison was per-
formed excluding patients diagnosed with celiac disease
and LPD concurrently with unchanged results (Table IV).
The presence of anemia, bone disease, dermatitis herpeti-
formis, and a family history of celiac disease were similar in
celiac disease patients with and without LPD. The presence
of diarrhea or a malabsorption syndrome at time of celiac
disease diagnosis may indicate a higher degree of local in-
testinal inflammation, may correlate with intensity of the
systemic inflammatory response, and could be used to help
identify patients at increased risk of developing complica-
tions of chronic inflammation such as LPD.
Although prognosis varies greatly among the various sub-

types of T-cell and B-cell lymphoma, in general patients
with T-cell NHL have a poorer prognosis than those with B-
cell NHL. Halfdanarson et al. [35] recently reported a
decreased 5-year and 10-year survival in celiac disease
patients with T-cell lymphoma compared with celiac disease
patients with B-cell lymphoma. We also found that, similar
to the general population, the mean survival of celiac dis-
ease patients with T-cell NHL, including EATL and non-
EATL T-cell NHL, is decreased compared with celiac dis-
ease patients with B-cell NHL, including B-cell NHL and
CLL. Considering the difference in survival among patients
with various LPD subtypes, we suggest that it is crucial to
differentiate among LPD subtypes when determining prog-
nosis in patients with LPD and underlying autoimmune or
chronic inflammatory conditions. We are not aware as to
whether LPD patients with celiac disease have different
survival rates compared with LPD patients without celiac
disease.
The risk for EATL was increased markedly because it is

so rare in the general population that it is not represented
as a NHL subtype in the SEER database. Sharaiha et al.
[36] estimated that the incidence of EATL was 0.016 to
0.024 per 100,000 in the United States during the study pe-
riod. All EATL cases occurred either concurrently or up to
10 years after the diagnosis of celiac disease. The progno-
sis for these patients was poor.
Elfström et al. reported an increased risk of lymphoma in

patients with chronic intestinal inflammation and histopatho-
logically diagnosed celiac disease. However, patients with
latent celiac disease, or positive serology without evidence
of intestinal inflammation, were not at risk [15]. One major
strength of our study was that the cohort only included
cases of biopsy proven celiac disease, which is the pre-
sumed at risk population. Other strengths included the
large size of the cohort and long follow-up period, which
included over 12,000 person-years of observation. The vast
majority of patients were seen as nonhospitalized patients.
Conducting the study in an outpatient setting was another
strength because, unlike studies that solely include hospi-
talized patients, the results of an outpatient study are more
applicable to the general celiac disease population. The
detailed clinical description of a relatively large number of
celiac disease patients with concurrent LPD and subse-
quent comparison between these patients and celiac dis-
ease patients without LPD within the same referral cohort
were the major strengths of the study.
Patients seen at a tertiary care celiac disease referral

center may be referred due to the presence of complicated
or severe disease, and the prevalence of LPD may be over-
estimated in our cohort due to referral bias. On the other
hand, considering that many patients presented for a sec-
ond or third opinion and then were lost to follow-up the
prevalence of LPD may also have been underestimated.
Since approximately one-third of patients were lost to fol-
low-up and, therefore, were presumed to be living, mortality

may have been underestimated in our study. Additionally, it
is possible that patients seen at a tertiary care center
receive more aggressive screening for LPD and therefore
survival may be overestimated in this cohort. The absence
of population-based data on EATL in the SEER database
was another limitation of the study. Finally, we did not have
detailed information regarding adherence to the gluten-free
diet so as to assess the relationship between dietary adher-
ence and LPD risk [37].
The pathophysiologic mechanism linking chronic inflam-

mation to LPD is poorly understood and likely multifactorial.
Loss of epithelial barrier function, systemic migration of
aberrant small intestinal T-cells, inhibition of DNA repair
mechanisms, and dysfunctional immune surveillance all
may contribute to the increased incidence of LPD in
patients with celiac disease. The inflammatory microenvir-
onment includes cytokines and growth factors that lead to
migration or accumulation of inflammatory cells, cell prolif-
eration, and angiogenesis all fostering tumor development
[38,39]. Further studies are needed to elucidate the under-
lying mechanisms of both local and distant tumorigenesis
in celiac disease.
In conclusion, we found an elevated incidence of multiple

LPD subtypes among patients with celiac disease. In the
future, the association between celiac disease and various
LPD subtypes could be further analyzed to identify com-
mon molecules in the inflammatory and lymphoproliferative
pathways as promising targets for drug design. These find-
ings could then be studied to risk stratify patients with
regard to lymphoma, devise surveillance protocols, and
propose preventative strategies in celiac disease patients
with increased risk of developing LPD.
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