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observational study compared survival with radiotherapy, rituximab and combination chemoimmunotherapy in this
disease.
Patients and methods: Gastric MALT lymphoma cases diagnosed between 1997 and 2007 were selected from the
Surveillance, Epidemiology and End Results-Medicare database. Propensity score analysis and competing risk models
were used to compare survival in patients with stage IE treated with radiation or chemotherapy, and in patients of all
stages treated with rituximab alone or with chemoimmunotherapy.
Results: Among 1134 patients, 21% underwent radiation and 24% chemotherapy as initial treatment. In the balanced
cohort of 347 patients with stage IE, radiotherapy alone was associated with a better cause-speciﬁc survival [hazard
ratio (HR) 0.27, P < 0.001]. Patients receiving systemic therapy had better survival if it incorporated rituximab (HR 0.53,
P = 0.017). After adjustment for confounding, the outcomes of those who received rituximab alone or combination
chemoimmunotherapy were not statistically different (P = 0.14).
Conclusions: In elderly patients with stage IE gastric MALT lymphoma, radiotherapy was associated with lower risk of
lymphoma-related death than chemotherapy. In those requiring systemic treatment, addition of cytotoxic chemotherapy
to rituximab in the ﬁrst-line regimen was not associated with improved survival.
Key words: chemotherapy, gastric lymphoma, MALT, propensity score, rituximab, SEER-Medicare

introduction
Eradication of Helicobacter pylori infection is the cornerstone
of treatment of localized gastric extranodal marginal zone
lymphoma of the mucosa-associated lymphoid tissue (MALT)
type, leading to durable remissions in over 75% of patients [1].
Conversely, the optimal management of H. pylori-negative or
recurrent disease is not well deﬁned and relies on single-arm
or observational studies of surgery, radiotherapy (RT) or
chemotherapy [2]. Expert opinion guidelines recommend
stage-dependent approach, favoring RT for localized and
chemotherapy for advanced disease [3, 4]. However, clinicians
and patients have to balance the risks and beneﬁts of speciﬁc
treatments without high-level evidence or long-term survival
data.
The objective of this observational study was to address two
issues using the population-derived Surveillance, Epidemiology
and End Results (SEER)-Medicare database. First, we studied
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the relative beneﬁts of RT and chemotherapy in the Medicare
beneﬁciaries with stage IE gastric MALT lymphoma. Secondly,
we evaluated how treatment with rituximab alone compares
with combination chemoimmunotherapy in patients requiring
systemic treatment.

methods
data source
SEER-Medicare is a database maintained by the National Cancer Institute
(NCI), containing high-quality, continuously audited cancer registry data
linked to Medicare billing claims [5]. SEER collects clinical, demographic
and survival information from 18 registries covering 28% of the US
population. Patients aged ≥65 years are matched to their Medicare ﬁles for
inpatient and ambulatory services, including extensively validated records
of surgery, RT and chemotherapy [6]. Data on most oral drugs (such as
antibiotics) are not available. This database has been successfully utilized
for studying chemoimmunotherapy and survival outcomes in indolent
lymphomas [7, 8].
The study was subject to approval by our Institutional Review Board and
to a Data Use Agreement with NCI. The study ﬁles covered Medicare
claims from 1 January 1997 to 31 December 2009. Patients were selected
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Background: Therapy for gastric marginal zone (MALT) lymphoma is largely based on single-arm trials. This
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using the International Classiﬁcation of Diseases for Oncology, 3rd Edition
(ICD-O-3) codes for histology (marginal zone B-cell lymphoma) and
anatomical location (stomach). We excluded patients without adequate
Medicare coverage or those covered by a Health Maintenance
Organization, because their billing claims would be absent in the
database (Figure 1, supplementary Table S1, available at Annals of
Oncology online).

deﬁnition of variables

statistical analysis
We studied prognostic factors affecting survival using ﬂexible parametric
models [12]. Since the majority of deaths were not attributed to lymphoma
and oncologic treatments may affect both cancer-related and other events
(e.g. cardiovascular or infectious), we used a competing risk survival
analysis to compare treatments [13]. Cumulative incidence function curves
were compared using Gray’s test and subdistribution hazard ratios (HR)
were obtained from Fine-Gray regression models [14]. Proportional hazard
assumptions were tested using graphical methods and time interactions. All
statistical tests are reported with two-tailed P values and 95% conﬁdence
intervals (CI), at an alpha level of 0.05 or lower using SAS version 9.3
(Cary, NC), Stata/SE version 12.1 (StataCorp LP, College Station, TX) and
R version 2.15.1 (The R Foundation for Statistical Computing, Vienna,
Austria).
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An inherent treatment selection bias was present in this retrospective
cohort, related to numerous clinical factors affecting treatment decisions. In
order to generate comparable study arms, we conducted a propensity score
analysis. In this two-step procedure, the probability of receiving treatment
is ﬁrst calculated and the calculated score is subsequently incorporated as
an adjustment in the survival comparison. The methodology can remove
systematic bias related to measured variables and enables estimation of
treatment effects [15]. One of its advantages over multivariable regression
is that it mirrors the design of a randomized study. Patients with extremely
low or high treatment probability, who would not be likely to enter a
randomized trial, can be excluded. The balance of study arms with regard
to all variables can be veriﬁed, thus ensuring group comparability before
analyzing the outcomes. The propensity score in our study was derived
from a logistic regression model ﬁt using variables associated with
treatment or outcome (regardless of their statistical signiﬁcance), so as to
achieve maximal group similarity. Covariate balance was evaluated using
standardized differences of means (SDM), with SDM of <0.1
(corresponding to <10% difference between the arms) indicative of
acceptable balance [16]. For outcome adjustment, we employed the inverse
probability of treatment weighting, assigning to all patients stabilized
weights corresponding to their probability of receiving speciﬁc therapy
[17].

results
patient characteristics and survival
The study included 1134 patients with a median 53 months of
follow-up data (Table 1). MALT lymphomas constituted 39.7%
(N = 2155) of all gastric lymphomas in the database; diffuse
large B-cell lymphoma (DLBCL) being more prevalent (45.0%,
N = 2443, supplementary Table S2, available at Annals of
Oncology online). Half of the studied patients had no record of
any oncologic therapy (H. pylori eradication data were not
available), while 5% underwent surgery (N = 59), 21% RT
(N = 236) and 24% chemotherapy (N = 276) as the initial
treatment, at a median of 3.4 months from diagnosis
(interquartile range 1.7–7.9 months). Younger age, advanced
stage, better performance status and diagnosis after 2003 were
associated with a higher chance of receiving RT or
chemotherapy, but the teaching status of the hospital was not.
Patients undergoing gastrectomy or with no record of
oncologic treatment had a distinctly shorter survival, likely
reﬂecting their unfavorable baseline features.
The median overall survival was 6.7 years (95% CI 6.2–7.5).
The cumulative incidence of lymphoma-related death (LRD) at
5 years was 12.1% (95% CI 10.3% to 14.2%), while it was
29.0% (95% CI 26.2% to 31.8%) for competing causes of death
(Figure 2A). A simple score incorporating advanced stage (III/
IV), B symptoms and poor performance status was strongly
prognostic for LRD, with the 5-year risk ranging from 6.5% to
33.5% (Figure 2B, Table 2).

radiation and chemotherapy in stage IE lymphoma
Among patients with stage IE lymphoma, 347 who received
RT (N = 185) or chemotherapy (N = 162) within 2 years of
diagnosis were included in the propensity score analysis of
comparative outcomes. Twenty-ﬁve percent of patients treated
with chemotherapy received also RT (N = 40), mostly as part of
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Demographic and clinicopathologic characteristics, dates of diagnosis and
death were derived from SEER and/or Medicare ﬁles. As the database does
not contain laboratory or other diagnostic study results, we used the
International Classiﬁcation of Diseases (ICD-9) and Healthcare Common
Procedure Coding System (HCPCS) codes from claims to deﬁne additional
variables, using methods published in the context of SEER-Medicare
analyses [9]. The Charlson Comorbidity Index was determined using the
validated NCI algorithm in the timeframe between 365 days before and 30
days after the diagnosis [10]. An indicator of poor performance status was
constructed based on the utilization of home care services, skilled nursing
facility admissions, mobility aids and oxygen therapy supplies [11]. Both
indices correlated with patient survival (supplementary Figures S1 and S2,
available at Annals of Oncology online).
Presence of anemia was determined using relevant ICD-9 codes, claims
for transfusions or erythropoietin [7]. We used the same procedure to
deﬁne malnutrition and gastrointestinal hemorrhage/perforation.
Diagnostic codes were only considered if they occurred on at least two
nonlaboratory claims at least 30 days apart in order to increase their
speciﬁcity [9]. The recording of H. pylori infection was deﬁned over the
entire time window.
Gastrectomy was ascertained using the inpatient procedure codes.
Radiotherapy was deﬁned using codes for RT-related services and
lymphoma diagnosis, thus excluding RT for other indications. Intravenous
chemotherapy was deﬁned using HCPCS codes for speciﬁc drugs [8]. The
regimens were assumed to contain rituximab if it was administered within
180 days of the initial chemotherapy date, thus accounting for
consolidation or maintenance strategies. Chemotherapy initiated within 90
days of RT was assumed to be a part of combined modality therapy.
Claims with chemotherapy prescribed for other diagnoses were excluded,
but the affected patients (N = 56) were retained in the analysis, because
patients with secondary cancers treated without chemotherapy still
contributed to survival data. For the deﬁnition of death related to
lymphoma, we counted all fatalities attributed to any form of lymphoma/
leukemia on death certiﬁcates.

propensity score analysis
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their initial treatment plan (median interval of 3 months from
the ﬁrst infusion). Subsequent chemotherapy was applied in
only 7% of those initially treated with RT (N = 13, median
interval 24 months). Patients who underwent combined
modality therapy were included in the chemotherapy arm.
Radiotherapy alone was a more likely choice in patients
without B symptoms, residing in metropolitan areas and with
less comorbidities, but did not depend on hospital teaching
status. In the unadjusted population, the 5-year cumulative
incidence of LRD was 5.3% for RT (95% CI 2.6% to 9.4%) and
19.1% for chemotherapy (95% CI 13.1% to 26.0%, P < 0.001,
Figure 3A). Conversely, the risk of death from other causes was
not different (25.7% and 24.8%, respectively, P = 0.56).
The propensity score adequately balanced all variables
affecting treatment selection or survival (Figure 3B,
supplementary Tables S3 and S4 and Figure S3, available at
Annals of Oncology online). After the adjustment, the risk of
LRD was still signiﬁcantly lower in patients treated with RT
alone (HR 0.27, 95% CI 0.13–0.55, P < 0.001). The overall
survival was not signiﬁcantly different (HR 0.73, 95% CI 0.51–
1.04, P = 0.08). Patients treated with chemotherapy had a
higher risk of admission to a hospital [odds ratio (OR) 3.68,
95% CI 2.34–5.81, P < 0.0001] or a critical care unit (OR 3.25,
95% CI 1.78–5.92, P < 0.0001) within 1 year from treatment.
In a sensitivity analysis, consistent results were obtained
when extreme values of the propensity score were trimmed at
different levels—a procedure shown to partly compensate for
unobserved confounding (supplementary Table S5, available at
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Annals of Oncology online) [18]. It was also consistent
regardless of inclusion of prognostic factors in the outcome
model, omission of the combined modality therapy cases or
restriction of the initial treatment timeframe to 6, 12, 36 or 60
months from diagnosis.

rituximab with or without cytotoxic chemotherapy
Among the 321 patients who received any chemotherapy, we
restricted the comparative analysis to those treated with
regimens incorporating rituximab, cyclophosphamide and/or
ﬂudarabine (N = 307). Administration of any rituximab was
associated with a lower risk of LRD (HR 0.53, 95% CI 0.31–
0.89, P = 0.017) and its increased application correlated with
improved survival observed after 2003.
The cohort of 230 patients who received rituximab was split
into groups treated with the monoclonal antibody alone
(N = 139) or in combination with cytotoxic chemotherapy
(N = 91). Younger age, stage III/IV disease, presence of B
symptoms, lack of comorbidities and residence in
nonmetropolitan areas were predictive of the choice of
chemoimmunotherapy over rituximab alone. In the unadjusted
population, the cumulative incidence of LRD at 5 years for
patients treated with rituximab alone was 17.7% (95% CI
11.2% to 25.4%), not signiﬁcantly different from patients
treated with chemotherapy (22.4%, 95% CI 13.8% to 32.4%,
P = 0.46, Figure 4A). However, there was a signiﬁcant
difference in the risk of death from noncancer-related causes
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Figure 1. Patient selection ﬂowchart. HMO, health maintenance organization; ICD-O-3, International Classiﬁcation of Diseases for Oncology, 3rd Edition;
MALT, mucosa-associated lymphoid tissue; SEER, Surveillance, Epidemiology, and End Results
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Table 1. Main clinical characteristics of 1134 patients with gastric MALT
lymphoma
Variables

76 (9.0)
77 (36–100)
544 (48)
590 (52)
896 (79)
89 (8)
79 (7)
70 (6)
312 (28)
392 (35)
430 (38)
561 (49)
340 (30)
153 (13)
80 (7)
197 (17)
801 (71)
62 (5)
107 (9)
164 (14)
436 (38)
111 (10)
587 (52)
210 (19)
482 (43)
341 (30)
87 (8)
334 (29)
636 (56)
297 (26)
168 (15)
33 (3)
72 (6)
303 (27)
321 (28)
139 (43)
84 (26)
98 (31)
560 (49)
151 (13)
423 (37)

CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone;
CVP, cyclophosphamide, vincristine, prednisone; GI, gastrointestinal;
SD, standard deviation.
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Figure 2. (A) Cumulative incidence of death related to lymphoma and
competing causes. (B) Cumulative incidence of lymphoma-related death by
the number of high-risk factors (stage III/IV, presence of B symptoms or
poor performance status).

(33.1% and 17.8%, respectively, P = 0.004). The overlap of the
propensity score was weaker, although acceptable matching
was achieved (Figure 4B, supplementary Tables S6 and S7 and
Figure S4, available at Annals of Oncology online).
After the propensity score adjustment, the difference in LRD
with administration of combination chemoimmunotherapy
was not signiﬁcant (HR 1.76, 95% CI 0.83–3.73, P = 0.14),
although the unfavorable HR persisted in the sensitivity
analysis (supplementary Table S8, available at Annals of
Oncology online). The overall survival did not differ (HR 1.02,
95% CI 0.60–1.76, P = 0.93). The rates of hospitalization within
a year were not signiﬁcantly different (OR 1.43, 95% CI 0.84–
2.43, P = 0.19), although the risk of neutropenic infection was
higher with combined chemoimmunotherapy (OR 3.79, 95%
CI 1.78–8.05, P = 0.001).

discussion
This observational study of Medicare patients with gastric
MALT lymphomas demonstrates better survival outcomes in
early-stage disease with RT and no apparent survival beneﬁt of
adding cytotoxic agents to rituximab during the initial course
of chemotherapy. Gastric MALT lymphoma has a low
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Age (years)
Mean (SD)
Median (range)
Sex
Male
Female
Race/ethnicity
White non-Hispanic
White Hispanic
Black
Asian/Other
Year of diagnosis
1997–2000
2001–2003
2004–2007
Marital status
Married
Widowed
Single/divorced
Unrecorded
Prior malignancy
Ann Arbor stage
I
II
III/IV
Unrecorded
B symptoms
Absent
Present
Unrecorded
Other recorded diagnoses
H. pylori infection
Anemia
GI hemorrhage/perforation
Malnutrition
Poor performance status
Charlson Comorbidity Index
0
1
2
>2
Treatment administered (any date)
Gastrectomy
Radiotherapy
Chemotherapy
First course of chemotherapy
Rituximab alone
Chemotherapy alone
Rituximab–chemotherapy
End point status
Alive
Lymphoma-related death
Other death

Patients, N (%)
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Table 2. Prognostic model for lymphoma-speciﬁc survival in 970 patients
with gastric MALT lymphomaa
Variables

Hazard ratio

P

1.39–2.24

<0.001

1.02–2.16

0.037

0.47–1.82
0.52–2.51
1.62–4.81

0.83
0.75
<0.001

1.21–2.84
0.86–2.55
0.30–2.40
1.20–2.44
1.28–2.99

0.004
0.16
0.76
0.003
0.002

1.29–3.52
0.85–1.85

0.003
0.25

0.57–1.27
0.34–0.87

0.43
0.011
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Age (10-years increment)
1.76
Sex
Female
Reference
Male
1.49
Race/ethnicity
White non-Hispanic
Reference
White Hispanic
0.93
Black
1.14
Asian
2.79
Marital status
Married
Reference
Widowed
1.86
Single/divorced
1.48
Unrecorded
0.85
Hemorrhage/perforation
1.71
Prior malignancy
1.96
B symptoms
Absent
Reference
Present
2.13
Unrecorded
1.26
Year of diagnosis
1997–2000
Reference
2001–2003
0.85
2004–2007
0.54
Variables with nonproportional hazardb
Stage
IE
Reference
II–IV
5.55 at 6 months
1.31 at 5 years
Poor performance status
3.43 at 3 months
1.51 at 5 years

95% CI

<0.001

<0.001

a

Patients with unrecorded Ann Arbor stage were excluded.
Variables violating the proportional hazard assumption in the ﬂexible
parametric model were modeled using interaction with time. Examples of
hazard ratio values (peak and value at 5 years) are listed, italicized.

b

potential for systemic involvement and <10% risk of dying as a
consequence of the disease [19]. Most patients achieve
extended remissions after antibiotic eradication of H. pylori,
and as additional chemotherapy does not improve outcomes,
oncologic treatment is reserved for progressive or symptomatic
lymphoma [20, 21]. Noncomparative trials report excellent
outcomes with either RT or chemotherapy using alkylating
agents, purine analogs or rituximab [22–26]. The initial choice
should therefore balance beneﬁts and toxic effects, particularly
in elderly patients with high noncancer mortality, often
focused on the quality of life. The lower risk of death with RT
in our study may indicate an advantage of RT in this
population. However, a thorough assessment of risks/beneﬁt
ratio would require more data on the quality of life, symptom
control, toxic effects and progression-free survival. A
systematic review of published trials also favored RT, although
it evaluated only response rates and did not address treatment
selection bias [2]. One randomized study suggested improved
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Figure 3. Analysis of patients with stage IE treated with chemotherapy or
radiation: (A) Cumulative incidence of lymphoma-related death by
treatment arm (unadjusted population); (B) absolute standardized
differences of means between treatment arms before and after the
propensity score adjustment. ESRD, end-stage renal disease; GI,
gastrointestinal.

event-free survival with chemotherapy (without rituximab),
but there was no H. pylori assessment or treatment [27].
Combination chemotherapy in MALT lymphoma shows a
high rate of disease control with acceptable toxicity, but
patients in phase II trials are signiﬁcantly younger (median age
57–63 years) [26, 28, 29]. Therefore, rituximab alone may be
attractive in the older population, with durable remission rates
of over 75% [24, 30]. Our study reassuringly shows favorable
survival with single-agent rituximab as initial therapy in the
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largest cohort reported to date. We cannot rule out the
possibility that presence of a high-grade histology component
or high tumor burden affected the choice of treatment. Highgrade gastric MALT lymphomas (correctly classiﬁed as
DLBCL) may be preferentially treated with anthracycline
chemotherapy, although they can respond to H. pylori-directed
treatment [31]. Our comparison should therefore be
interpreted with this limitation in mind. In this cohort of
Medicare beneﬁciaries, treatments with radiation or
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chemotherapy were highly prevalent (50%). This might
indicate that outcomes in this group are not as optimistic as in
the published series of younger patients. Transformation to
DLBCL was recorded in only 1% of cases, consistent with
previous reports [20, 32]. The chromosomal translocations t
(11;18) and t(1;14) associated with unresponsiveness to
antibiotic therapy do not seem to be more prevalent in older
patients [33, 34]. The very low rate of recorded H. pylori
infection is almost certainly a signiﬁcant underestimate.
The strengths of our analysis include the cohort size and its
comprehensive nature, including both academic and
community centers in the covered areas. The propensity score
adjustment may have minimized treatment selection bias
inherent to retrospective studies. However, our data sources
and methodology imposed several important limitations. The
analysis involved elderly patients with a median age of 77
years, 8 years higher than in unselected gastric MALT
lymphomas, so the results should not be extrapolated to
younger populations. The absence of pathology review is
another weakness, although the SEER-Medicare classiﬁcation
of gastric lymphoma histologies (45% DLBCL, 39% MALT) is
quite consistent with published clinicopathologic reviews [35–
37]. One study demonstrated excellent concordance of
marginal zone lymphoma diagnosis between SEER and an
independent pathology review [38]. We distinguished
treatment choices using billing claims, so factors inﬂuencing
the decisions could only be inferred. We successfully balanced
all accessible confounders associated with treatment choices or
survival. However, records of prior antibiotic therapy,
cytogenetic or laboratory abnormalities (such as lactate
dehydrogenase) were not available and their balance between
treatment arms could not be ascertained. Limiting the analysis
to stage IE lymphomas treated early in the course of the
disease makes the impact of such variables on treatment
selection less plausible, but also narrows the applicability of
our results. It is unlikely that patients treated with
chemotherapy experienced systemic progression affecting their
outcomes, because the majority initiated therapy within 4
months of diagnosis. Deﬁnitions of some variables also relied
on billing claims rather than on direct clinical data. A similarly
constructed performance score indicator had been previously
validated by another group against measures of functional
impairment in Medicare beneﬁciaries [11]. The indicator was
strongly associated with treatment selection and survival in our
study. Claim-based deﬁnitions of other factors, such as anemia
or malnutrition, have not been formally validated, although
diagnoses constructed from administrative data compare
favorably with medical record reviews and are widely used in
SEER-Medicare studies [7, 39].
In summary, in the absence of randomized data, the current
analysis supports radiotherapy as the initial treatment choice
for elderly patients with stage IE gastric MALT lymphoma who
need oncologic treatment. For those who require systemic
therapy, rituximab alone provides favorable survival compared
with combination chemoimmunotherapy. Our ﬁndings may
guide future prospective studies and help clinicians make more
informed decisions while caring for their elderly gastric MALT
lymphoma patients.
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Figure 4. Analysis of patients treated with rituximab with or without
cytotoxic chemotherapy: (A) Cumulative incidence of lymphoma-related
death by treatment arm (unadjusted population); (B) absolute standardized
differences of means between treatment arms before and after propensity
score adjustment. Footnote: ESRD, end-stage renal disease; GI,
gastrointestinal.

original articles

original articles
acknowledgements
The ideas and opinions expressed herein are those of the
author(s) and endorsement by the State of California,
Department of Public Health the NCI and the Centers for
Disease Control and Prevention or their Contractors and
Subcontractors is neither intended nor should be inferred. The
authors acknowledge the efforts of the Applied Research
Program, NCI; the Ofﬁce of Research, Development and
Information, CMS; Information Management Services, Inc.;
and the SEER Program tumor registries in the creation of the
SEER-Medicare database.

funding

disclosure
The authors have declared no conﬂicts of interest.

references
1. Zullo A, Hassan C, Cristofari F et al. Effects of Helicobacter pylori eradication on
early stage gastric mucosa-associated lymphoid tissue lymphoma. Clin
Gastroenterol Hepatol 2010; 8: 105–110.
2. Zullo A, Hassan C, Andriani A et al. Treatment of low-grade gastric MALTlymphoma unresponsive to Helicobacter pylori therapy: a pooled-data analysis.
Med Oncol 2010; 27: 291–295.
3. Zucca E, Dreyling M, Group EGW. Gastric marginal zone lymphoma of MALT
type: ESMO clinical recommendations for diagnosis, treatment and follow-up.
Ann Oncol 2009; 20(Suppl 4): 113–114.
4. Ruskone-Fourmestraux A, Fischbach W, Aleman BM et al. EGILS consensus
report. Gastric extranodal marginal zone B-cell lymphoma of MALT. Gut 2011;
60: 747–758.
5. Warren JL, Klabunde CN, Schrag D et al. Overview of the SEER-Medicare data:
content, research applications, and generalizability to the United States elderly
population. Med Care 2002; 40: IV-3–IV-18.
6. Lamont EB, Herndon JE, II, Weeks JC et al. Criterion validity of Medicare
chemotherapy claims in Cancer and Leukemia Group B breast and lung cancer
trial participants. J Natl Cancer Inst 2005; 97: 1080–1083.
7. Danese MD, Grifﬁths RI, Gleeson M et al. An observational study of outcomes
after initial infused therapy in Medicare patients diagnosed with chronic
lymphocytic leukemia. Blood 2011; 117: 3505–3513.
8. Grifﬁths R, Mikhael J, Gleeson M et al. Addition of rituximab to chemotherapy
alone as ﬁrst-line therapy improves overall survival in elderly patients with mantle
cell lymphoma. Blood 2011; 118: 4808–4816.
9. Danese MD, O’Malley C, Lindquist K et al. An observational study of the
prevalence and incidence of comorbid conditions in older women with breast
cancer. Ann Oncol 2012; 23: 1756–1765.

 | Olszewski and Castillo

10. Klabunde CN, Potosky AL, Legler JM et al. Development of a comorbidity index
using physician claims data. J Clin Epidemiol 2000; 53: 1258–1267.
11. Davidoff AJ, Tang M, Seal B et al. Chemotherapy and survival beneﬁt in elderly
patients with advanced non-small-cell lung cancer. J Clin Oncol 2010; 28:
2191–2197.
12. Royston P, Parmar MK. Flexible parametric proportional-hazards and proportionalodds models for censored survival data, with application to prognostic modelling
and estimation of treatment effects. Stat Med 2002; 21: 2175–2197.
13. Dignam JJ, Kocherginsky MN. Choice and interpretation of statistical tests used
when competing risks are present. J Clin Oncol 2008; 26: 4027–4034.
14. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc 1999; 94: 496–509.
15. Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects
of Confounding in Observational Studies. Multivariate Behav Res 2011; 46:
399–424.
16. Austin PC. Balance diagnostics for comparing the distribution of baseline
covariates between treatment groups in propensity-score matched samples. Stat
Med 2009; 28: 3083–3107.
17. Hernan MA, Brumback B, Robins JM. Marginal structural models to estimate the
causal effect of zidovudine on the survival of HIV-positive men. Epidemiology
2000; 11: 561–570.
18. Sturmer T, Rothman KJ, Avorn J et al. Treatment effects in the presence of
unmeasured confounding: dealing with observations in the tails of the propensity
score distribution—a simulation study. Am J Epidemiol 2010; 172:
843–854.
19. Olszewski AJ, Castillo JJ. Survival of patients with marginal zone lymphoma:
analysis of the Surveillance, Epidemiology, and End Results database. Cancer
2012. August 14 [epub ahead of print], doi: 10.1002/cncr.27773.
20. Nakamura S, Sugiyama T, Matsumoto T et al. Long-term clinical outcome of
gastric MALT lymphoma after eradication of Helicobacter pylori: a multicentre
cohort follow-up study of 420 patients in Japan. Gut 2012; 61: 507–513.
21. Hancock BW, Qian W, Linch D et al. Chlorambucil versus observation after antiHelicobacter therapy in gastric MALT lymphomas: results of the international
randomised LY03 trial. Br J Haematol 2009; 144: 367–375.
22. Tsai HK, Li S, Ng AK et al. Role of radiation therapy in the treatment of stage I/II
mucosa-associated lymphoid tissue lymphoma. Ann Oncol 2007; 18: 672–678.
23. Tsang RW, Gospodarowicz MK, Pintilie M et al. Localized mucosa-associated
lymphoid tissue lymphoma treated with radiation therapy has excellent clinical
outcome. J Clin Oncol 2003; 21: 4157–4164.
24. Martinelli G, Laszlo D, Ferreri AJ et al. Clinical activity of rituximab in gastric
marginal zone non-Hodgkin’s lymphoma resistant to or not eligible for antiHelicobacter pylori therapy. J Clin Oncol 2005; 23: 1979–1983.
25. Jager G, Neumeister P, Brezinschek R et al. Treatment of extranodal marginal
zone B-cell lymphoma of mucosa-associated lymphoid tissue type with
cladribine: a phase II study. J Clin Oncol 2002; 20: 3872–3877.
26. Salar A, Domingo-Domenech E, Estany C et al. Combination therapy with
rituximab and intravenous or oral ﬂudarabine in the ﬁrst-line, systemic treatment
of patients with extranodal marginal zone B-cell lymphoma of the mucosaassociated lymphoid tissue type. Cancer 2009; 115: 5210–5217.
27. Aviles A, Nambo MJ, Neri N et al. Mucosa-associated lymphoid tissue (MALT)
lymphoma of the stomach: results of a controlled clinical trial. Med Oncol 2005;
22: 57–62.
28. Brown JR, Friedberg JW, Feng Y et al. A phase 2 study of concurrent ﬂudarabine
and rituximab for the treatment of marginal zone lymphomas. Br J Haematol
2009; 145: 741–748.
29. Kang HJ, Kim WS, Kim SJ et al. Phase II trial of rituximab plus CVP combination
chemotherapy for advanced stage marginal zone lymphoma as a ﬁrst-line
therapy: Consortium for Improving Survival of Lymphoma (CISL) study. Ann
Hematol 2012; 91: 543–551.
30. Conconi A, Martinelli G, Thieblemont C et al. Clinical activity of rituximab in
extranodal marginal zone B-cell lymphoma of MALT type. Blood 2003; 102:
2741–2745.
31. Chen LT, Lin JT, Tai JJ et al. Long-term results of anti-Helicobacter pylori
therapy in early-stage gastric high-grade transformed MALT lymphoma. J Natl
Cancer Inst 2005; 97: 1345–1353.

Volume 24 | No. 5 | May 2013

Downloaded from http://annonc.oxfordjournals.org/ at Brown University on May 31, 2013

The collection of the California cancer incidence data used in
this study was supported by the California Department of
Public Health as part of the statewide cancer reporting
program mandated by California Health and Safety Code
Section 103885; the SEER Program of NCI under contract
N01-PC-35136 awarded to the Northern California Cancer
Center, contract N01-PC-35139 awarded to the University of
Southern California and contract N02-PC-15105 awarded to
the Public Health Institute and the Centers for Disease Control
and Prevention’s National Program of Cancer Registries, under
agreement #U55/CCR921930-02 awarded to the Public Health
Institute.

Annals of Oncology

original articles

Annals of Oncology
32. Stathis A, Chini C, Bertoni F et al. Long-term outcome following Helicobacter
pylori eradication in a retrospective study of 105 patients with localized gastric
marginal zone B-cell lymphoma of MALT type. Ann Oncol 2009; 20: 1086–1093.
33. Baens M, Maes B, Steyls A et al. The product of the t(11;18), an API2-MLT
fusion, marks nearly half of gastric MALT type lymphomas without large cell
proliferation. Am J Pathol 2000; 156: 1433–1439.
34. Nakamura S, Ye H, Bacon CM et al. Clinical impact of genetic aberrations in
gastric MALT lymphoma: a comprehensive analysis using interphase
ﬂuorescence in situ hybridisation. Gut 2007; 56: 1358–1363.
35. Papaxoinis G, Papageorgiou S, Rontogianni D et al. Primary gastrointestinal nonHodgkin’s lymphoma: a clinicopathologic study of 128 cases in Greece. A
Hellenic Cooperative Oncology Group study (HeCOG). Leuk Lymphoma 2006; 47:
2140–2146.

36. Taal BG, Boot H, van Heerde P et al. Primary non-Hodgkin lymphoma of the
stomach: endoscopic pattern and prognosis in low versus high grade malignancy
in relation to the MALT concept. Gut 1996; 39: 556–561.
37. Howell JM, Auer-Grzesiak I, Zhang J et al. Increasing incidence rates, distribution
and histological characteristics of primary gastrointestinal non-Hodgkin lymphoma
in a North American population. Can J Gastroenterol 2012; 26: 452–456.
38. Clarke CA, Glaser SL, Dorfman RF et al. Expert review of non-Hodgkin’s
lymphomas in a population-based cancer registry: reliability of diagnosis
and subtype classiﬁcations. Cancer Epidemiol Biomarkers Prev 2004; 13:
138–143.
39. Rector TS, Wickstrom SL, Shah M et al. Speciﬁcity and sensitivity of claimsbased algorithms for identifying members of Medicare + Choice health plans that
have chronic medical conditions. Health Serv Res 2004; 39: 1839–1857.

Annals of Oncology 24: 1359–1363, 2013
doi:10.1093/annonc/mds606
Published online 9 December 2012

A. Bestawros1*, L. Foltz2, N. Srour3, K. J. Savage1 & J. M. Connors2
Departments of 1Medical Oncology; 2Hematology, British Columbia Cancer Agency Centre for Lymphoid Cancer, Vancouver; 3Department of Medicine, Ottawa Hospital
Research Institute, Ottawa, Canada

Received 23 July 2012; revised 13 October 2012; accepted 16 October 2012

Background: Optimal post-treatment surveillance for patients with Hodgkin lymphoma in ﬁrst complete remission
(CR) is unknown. Guidelines are based on consensus rather than high-quality evidence. It is unknown if routine
screening leads to earlier relapse detection or translates into better outcomes.
Patients and methods: We identiﬁed 258 patients with relapse after CR and determined whether the recurrence
was detected as a result of patient-detected symptoms (PT group) or through exams or tests ordered by the physician
in the absence of symptoms (MD group).
Results: Of 258 recurrences, 182 (71%) were in the PT group. The median time to diagnosis of recurrence was similar
in both groups (PT group = 1.65 years; MD group = 1.95 years; P = 0.69). Neither the postrelapse progression-free
(PFS, P = 0.26) nor overall survival (OS, P = 0.40) differed signiﬁcantly between the groups.
Conclusion: Patients are much more likely to detect recurrence than their physicians employing routine follow-up
testing. There is no difference in PFS or OS between patients whose recurrence is self-diagnosed versus those whose
recurrence is diagnosed by physician through routine screening. We found no beneﬁt for detection of HL recurrence in
asymptomatic patients and thus cannot support the routine use of costly, anxiety-provoking or potentially harmful tests
in the absence of symptoms.
Key words: follow-up, Hodgkin lymphoma, recurrence

introduction
Today the prognosis of Hodgkin lymphoma (HL) constitutes
one of the best in oncology. As of 2007, the 5-year overall
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survival is 86% [1] despite a recurrence risk of 10%–15% for
early-stage disease and up to 30% for advanced disease [2].
These favorable overall outcomes are explained not only by
effective ﬁrst-line treatments, but also availability of successful
secondary interventions for recurrent disease employing highdose therapy and autologous stem-cell transplantation (ASCT).
The latter has an overall cure rate of 50%–60% [2]. Advanced
disease stage (stage III and IV) at relapse has been identiﬁed as
a negative prognostic factor for ASCT [3, 4]. However, several
questions remain: Does routine testing in the absence of
symptoms lead to earlier diagnosis of recurrent disease? Does
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