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Remission of lymphoma after withdrawal of methotrexate in rheumatoid
arthritis: Relationship with type of latent Epstein-Barr virus infection
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Rheumatoid arthritis (RA) is associated with an increased risk of developing lymphoma. Although the
pathogenesis is still unclear, the increased risk appears to be related to the high inflammatory activity of
RA, immunosuppressive agents, or Epstein-Barr virus (EBV) infection. We investigated the relationship
between EBV latent infection and methotrexate (MTX)-associated lymphoma in RA patients. Nine patients
were diagnosed with non-Hodgkin’s lymphoma (NHL) during MTX treatment for RA in a multicenter study.
The pathologic findings were consistent with diffuse large B-cell lymphoma in 8 patients and peripheral
T-cell lymphoma, unspecified in 1. EBV infection was detected in 3 patients by in situ hybridization. Among
all 9 patients who were Initially treated by MTX withdrawal alone, 2 obtained spontaneous complete
response (CR), 1 had partial response, 2 had stable disease (SD), and 4 had progressive disease. Both
patients who had a CR and 1 who had SD were positive for EBV. Further examination of the latent EBV
infection patterns revealed that 2 patients who obtained a CR had latency Type lll, and the other with SD
had latency Type Il. These results demonstrate that immunodeficiency caused by MTX treatment is associ-
ated with the development of EBV-related NHL in RA patients. In patients who were treated by MTX for RA
and developed NHL, remission can be observed following MTX withdrawal especially in NHL with latency
Type Ili EBV infection. The analysis of EBV infection, including the latency types, is useful to decide the

optimum therapeutic strategy. Am. J. Hematol. 82:1106—1109, 2007.

Introduction

It is well known that rheumatoid arthritis (RA) is associ-
ated with an increased risk of developing lymphoma [1-3].
According to recent epidemiologic studies, the relative risk
of developing lymphoma is estimated to be two-times
higher in patients with RA or rheumatologic diseases, and
the increased risk is greater for Hodgkin lymphoma (HL)
than for non-Hodgkin's lymphoma (NHL) [1-5]. Although
the pathogenesis of RA-associated lymphoma is still
unclear, it is speculated that the increased risk is related to
the high inflammatory activity of rheumatologic disease,
immunosuppressive agents, or Epstein-Barr virus (EBV)
infection {1-16]. :

Methotrexate (MTX) is currently the most widely used
disease-modifying anti-rheumatic drug. Lymphoma has
been reported to be a complication of long-term, low-dose
MTX treatment. In 1993, Kamel et al. [6] reported that two
patients taking MTX for rheumatologic disease who devel-
oped lymphoma had a complete regression after withdrawal
of MTX alone. Other studies also showed that some MTX-
associated lymphomas in RA patients regressed after the
withdrawal of MTX alone and do not require treatment
with chemotherapy and/or radiation [5,7,11,17-19). These
observations suggest that immunosuppression by MTX
may affect development of lymphoma in RA patients, al-
though it is not clear that MTX treatment causes a higher
risk of lymphoma than other anti-rheumatoid agents.

Furthermore, EBV infection is often detected in RA-
related lymphoma [5,7,9,19-22]. it has been suspected that
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latent EBV infection may participate in development of lym-
phoma in RA patients, like EBV-associated B-cell lympho-
proliferative disorders occurring in immunosuppressed
patients [23,24). EBV-positive malignancies are associated
with the virus’s latent cycle, and three different types of
EBV latency have been characterized [2,25-27]. Latency
Type Ill EBV infection is usually expressed in iymphoproli-
ferative disorders arising in an immunocompromised host
with impaired T-cell immunosurveillance. However, the rela-
tionship between the MTX-associated lymphoma in RA
patients and the type of EBV latent infection is not yet
established. In this study, we investigated the clinical char-
acteristics of lymphomas developing in RA patients receiv-
ing MTX and evaluated the association between the pattern
of latent EBV infection and the response to MTX with-
drawal.
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TABLE I. Characteristics of the 9 RA Patients With NHL Taking MTX

Primary Clinical Duration Duration of Total MTX Other RA CRP RF

Patient no. Age/sex Pathology location stage of RA (m) MTX (m) dose (Mmg) treatment (mg/dl) (1U/ml)
1 68/F DLBCL Nodal ] 88 88 1511 P, Bu 1.2 20
2 70/F DLBCL Nodal | 231 99 2250 P 1.09 9
3 69/F DLBCL Extranodal ] 144 34 1020 P, Bu, Sa 0.92 757
4 53/F DLBCL Nodal I 19 9 256 P 3.88 14
5 55/M DLBCL Nodal v 40 38 984 P 0.18 114
6 66/F DLBCL Nodal 1] 161 77 420 P 0.6 117

7 69/M DLBCL Extranodal v 25 25 600 Bu 0.1 25
8 68/F DLBCL Nodal I 139 114 1127 P, Mi, G 5.83 24

9 77/M PTCL-u Nodai 1 24 22 368 - 27 42

DLBCL, diffuse large B-cell lymphoma; PTCL-u, peripheral T-cell lymphoma, unspecified; P, prednisolone; Bu, bucillamine; Sa, salazosulfapyridine;
Mi, mizoribine; G, gold; CRP, C-reactive protein; RF, rheumatoid factor; m, month.

Results

Patient characteristics

The ciinical characteristics of the lymphomas that devel-
oped in the RA patients taking MTX are summarized in
Table 1. At the time of lymphoma diagnosis, the median
age was 68 years (range 53-77). According to the WHO
classification, 8 patients had diffuse large B-cell iymphoma
(DLBCL) and 1 had peripheral T-cell lymphoma, unspeci-
fied. Monoclonal proliferation of lymphoma cells were con-
firmed in all patients. Their clinical stages were distributed
as follows: 1 patient had Stage |, 3 had Stage Il, 3 had
Stage Ill, and 2 had Stage IV disease. At diagnosis, 2
patients (22%) had extranodal lesions, including 1 gastroin-
testinal, 1 tonsillar. The median duration from the start of
MTX treatment to the diagnosis of NHL was 38 months
(range 9-114), and the median total dose of MTX at the di-
agnosis of NHL was 984 mg (range 256-2,250). Eight
patients received other anti-rheumatoid agents in combina-
tion with MTX. In particular, prednisolone was used for 7
patients. Rheumatoid factor was positive in 6 patients and
C-reactive protein level was elevated in 7 patients at the
time of diagnosis for NHL. The duration of RA ranged from
19 to 231 months. Three patients were positive for EBV
infection detected by in situ hybridization.

Clinical outcome and EBYV infection

The response to therapy is summarized in Table 1. Ali
patients were initially managed by withdrawal of MTX.
Among the 3 patients with EBV infection, 2 patients with
DLBCL obtained a complete response (CR) of their NHL.
The time from the MTX withdrawal to CR was 6 and
2 months, respectively. These patients are still alive in CR
without additional chemotherapy for 109 and 18 months,
respectively (Table !l). One patient with stable disease (SD)
was positive for EBER1. She obtained a CR following
chemotherapy and is alive in CR at 26 months of follow-up.
In an analysis of the latent EBV infection pattern, 2 patients
with DLBCL who had a CR were categorized as having la-
tency Type Ill, and 1 with DLBCL in the tonsil who had a
SD was defined as having latency Type |l (Table I).

On the other hand, among the 6 patients without EBV
infection who were managed by MTX withdrawal, 1 patient
obtained partial response, 1 had SD, and 4 experienced
progressive disease. These patients subsequently received
chemotherapy with or without radiotherapy.

Discussion

We analyzed the characteristics of 9 patients with RA
who developed NHL while receiving MTX and examined
the efficacy of MTX withdrawal and its association with the
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type of EBV latent infection. To our knowledge, this is the
first report of RA patients who developed NHL and had the
Type Il latency EBV infection seen in the immunocompro-
mised host.

Lymphoma often develops in RA patients, but its patho-
genesis has not yet been fully elucidated. Previous studies
have suggested that high and long-standing inflammatory
activity in RA, by itself, contributes to the development of
lymphoma [1,4,8). Recently, Baecklund et al. (28] identified
378 cases with RA developed lymphoma in Sweden. They
found that RA patients with high cumulative disease activity,
rather than its treatment, had a dramatically increased risk
of developing lymphoma. Although our analysis contained
patients who had RA of long duration and/or high RA dis-
ease activity, e.g., patients 2, 3, and 8, there was no
obvious association with RA disease activity and lymphoma
development. Our study also showed lymphoma develop-
ment even in patients with a short duration of RA and/or
low RA disease activity. In this study, DLBCL accounted for
89% of the cases. The high proportion of DLBCL is in ac-
cordance with previous reports on the development of lym-
phoma in RA patients [2,8,9,20]. In a prospective study by
Mariette et al. [5], HL was found at a higher rate in RA
patients taking MTX compared with the rate in a French
population. In contrast, no patient developed HL in our
study. This may be related to the fact that the frequency of
HL in Japan is fess than 10% of all lymphomas [29,30].

In this study, it is noteworthy that both patients who
obtained a CR of their NHL after the withdrawal of MTX
were positive for EBV. In previous studies, EBV infection
has been detected in 12-44% of the lymphomas in RA
patients [5,7,9,19,21,28]. These studies suggest that EBV
infection may play a role in the development of these lym-
phomas. However, it is not evident whether EBV itself
increases the risk of lymphoma development. In this study,
EBV was detected in 3 patients (22%), 2 of whom had a
CR of their NHL after the withdrawal of MTX. Mariette et al.
[5] reported that 2 of the 3 patients who achieved a CR
were positive for EBV. Salloum et al. [7] also reported that
5 of the 6 who had a CR were positive for EBV. Taken to-
gether, our results strengthen the concept that EBV-positive
lymphoma in RA has a strong tendency to undergo a spon-
taneous remission after the withdrawal of MTX, although it
is also true that there are some EBV-negative lymphomas
which regress after MTX withdrawal [5,7,31,32].

Recently, it has been reported that EBV-associated
tumors, such as lymphoma, nasopharyngeal carcinoma,
and gastric carcinoma, express a variety of EBV latent
genes [25-27]. By investigating EBV latent infection pat-
terns, the immunodeficiency state of the lymphoma can be
shown more clearly. Therefore, we analyzed the latency of
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TABLE Il. Response to MTX Withdrawal and Latency of EBV Infection

Time to CR
Effect of MTX after MTX Follow-up Latency

Patient no. withdrawal withdrawal (m) Next treatment Outcome time (m) EBER1 LMP1 EBNA2 type

1 CR 6 - Alive in CR 109 + + + 11}

2 CR 2 - Alive in CR 18 + + + 1t

3 SD - R-CHOP Alive in CR 26 + + — I

4 PD - R-CHOP Alive in PR 9 - NT NT NA

5 PD - VAD, CHOP-tike, Alive in CR 58 NT NT NA

IF-RT, auto-PBSCT

6 PD - CHOP ' Alive in CR 43 - NT NT NA

7 PR - CHOP, IF-RT Alive in CR 37 - NT NT NA

8 SD - CyclOBEAP Alive in CRu 3 - NT NT NA

9 PD - CHOP Death with infection 5 - NT NT NA

CR, complete response; SD, stable disease; PD, progressive disease; PR, partial response; CRu, complete response unconfirmed; R, Rituximab;
CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone; VAD, vincristine, doxorubicin, and dexamethazone; IF-RT, involved field-radi-
ation therapy; PBSCT, peripheral blood stem cell transplantation; CyclOBEAP, CHOP-like+etoposide and bleomycin; EBER1, EBV-encoded RNA
transcript 1; EBNA2, Epstein-Barr nuclear antigen 2; LMP1, latent membrane protein 1; NT, not tested; NA, not availabie; m, month.

EBV-positive lymphomas in 3 patients. One patient was
categorized as having latency Type Ii and the other 2
patients as latency Type lil. Latency Type Il indicates an
immunodeficiency state and is associated with lymphopro-
liferative disorders arising in immunocompromised patients
or post-transplant patients. It is believed that the EBV-asso-
ciated tumors develop following the proliferation of latently
EBV-infected B cells, which causes the suppression of the
immunosurveillance system by cytotoxic T lymphocytes
[3,25,26]. This phenomenon of latent EBV infection and
immunosuppressive condition in RA patients developing
lymphoma is very similar to post-transplant lymphoprolifera-
tive disorder. In our 2 patients having latency Type I, the
immune surveillance system essentially might be abolished
by the activity of MTX, allowing the EBV-infected B cells to
grow aberrantly. It is also assumed that the withdrawal of
MTX allowed the immune system to recover, resulting in
complete regression of the lymphomas, although we did
not examine the reconstitution of EBV-specific immunity in
this study. Thus, our results strongly suggest that the im-
munodeficiency state itself is associated with the develop-
ment of NHL, and the immunosuppression caused by MTX
has an effect on the development and regression of NHL,
especially in the latency Type Il group of patients. In
agreement with this hypothesis, a recent study has shown
that MTX may induce EBV replication while producing
immunosuppression [33].

Latency Type |l EBV infection is generally observed in
HL and nasopharyngeal lymphoma occurring in the immu-
nocompetent host [2,20,27]. We confirmed that the patient
with DLBCL in the tonsil had the latency Type il EBV infec-
tion in this study. The patient showed a SD after the with-
drawal of MTX. It was considered that the infection of EBV
influenced the pathogenesis of lymphoma development in
the case, but MTX treatment for RA did not affect on the
tumor progression. Therefore, there was no effect of MTX
withdrawal in the patient.

Materials and Methods

Patients

We investigated the cases of NHL that developed in RA patients tak-
ing MTX in four hospitals in Kanagawa, Japan. A retrospective evalua-
tion was conducted for the 9 patients who developed NHL from June
1995 to December 2004. The date of last observation was July 31,
2005. All lymphomas were classified according to the WHO classifica-
tion [34]. An international workshop to standardize the response criteria
for NHL was used to assess the effectiveness of treatment [35]. All
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patients fulfilled the 1987 American College of Rheumatology criteria
for RA [36].

Immunohistochemical staining

Immunohistochemical analyses of formalin-fixed, paraffin-embedded
sections of neoplastic tissues were performed during the diagnostic
work-up, using a panel of monoclonal antibodies to Epstein-Barr nu-
clear antigen 2 (EBNA2) (PE2, DakoCytomation, Glostrup, Denmark)
and latent membrane protein 1 (LMP1) (CS.1-4, DakoCytomation). The
heat antigen retrieval method was employed with different retrieval buf-
fers depending on the antibody used, according to manufacturers
instructions. For CD20, CD45, and CD45R0, the heat antigen retrieval
method was not used. To detect, a peroxidase-labelled streptavidin-bio-
tin complex system (BioGenex, San Ramon, CA) was employed. Immu-
nostaining was carried out with an automated immunostainer (i 6,000,
BioGenex). Tissue sections were tested for the presence of EBV by in
situ hybridization for EBV-encoded RNA transcript 1 (EBER1) using the
REMBRANT detection kit (Pan Path, Amsterdam, The Netherlands).
The definition of EBV infection latency employed in this study is as fol-
lows: latency Type |, characterized by the expression of the EBER1
message alone; latency Type I, characterized by the expression of
EBER1 and LMP1; and latency Type lli, characterized by the expres-
sion of EBER1, LMP1, and EBNA2.

Conclusion :

Our results suggest that immunodeficiency caused by
MTX treatment is associated with the development of EBV-
related NHL in RA patients. In patients who were treated by
MTX for RA and developed NHL, remission can be observed
following MTX withdrawal especially in NHL with latency Type
Il EBV infection. Therefore, the analysis of EBV infection,
including the latency types, is useful to decide the optimum
therapeutic strategy in this setting. Further studies on a larger
scale are required to clarify the role of EBV infection and
MTX treatment in RA patients who develop lymphoma.
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1I8E_FDG PET for Posttherapy Assessment of
Hodgkin’s Disease and Aggressive Non-Hodgkin’s
Lymphoma: A Systematic Review
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IClinical Research Center for Blood Diseases, National Hospital Organization Nagoya Medical Center, Nagoya, Japan; and
2Department of Radiology, National Center for Geriatrics and Gerontology, Obu City, Japan

Although studies have shown that 8F-FDG PET, when used to
assess the response of malignant lymphoma after treatment,
has a strong ability to predict relapse, its diagnostic accuracy in
clinical practice remains unclear. The aim of this study was to
systematically review the diagnostic accuracy of 8F-FDG PET
in detecting residual disease at the completion of first-line ther-
apy of Hodgkin's disease (HD) and aggressive non-Hodgkin's
lymphoma (NHL). Methods: We searched relevant articles from
1966 to July 2006 using MEDLINE, EMBASE, SCOPUS, Biologi-
cal Abstracts, bibliographies, review articles, and textbooks with-
out fanguage restriction. One assessor (for non-English-language
studies) or 2 assessors (for English-language studies) indepen-
dently reviewed each article to abstract relevant study character-
istics and results. Relevant individual patient data or subgroup
data were provided by the investigators if they were unavailable
from the publications. We estimated summary receiver operating
characteristic curves and confidence regions for summary sensi-
tivity and specificity. Results: Nineteen studies consisting of 474
HD and 254 aggressive NHL patients were included. These stud-
ies had heterogeneity and suboptimal methodologic quality and
reporting. Reported ranges for the sensitivity and specificity of
18F.FDG PET in predicting disease relapse were 0.50-1.00
and 0.67-1.00, respectively, for HD and 0.33~0.77 and 0.82-
1.00, respectively, for NHL. These estimates were similar when
conventional imaging tests showed aresidual mass. For HD stud-
ies, the summary receiver operating characteristic curves were
similar irrespective of whether a residual mass was detected by
conventional tests. Factors explaining the variability of diagnostic
estimates were not identified. Conclusion: Although currently
available evidence is still limited, '8F-FDG PET seems to have
good diagnostic accuracy for assessing residual HD at the com-
pletion of first-line treatment. Clinical data on this use of '8F-FDG
PET for aggressive NHL are more limited. Prospective studies
with a more rigorous research design, conduct, and reporting
would more reliably reveal the clinical diagnostic accuracy of
this imaging modality.
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Persistence of a mass after completion of first-line ther-
apy is a common problem in assessing the response of both
Hodgkin’s disease (HD) and non-Hodgkin’s lymphoma
(NHL) (1,2). Based on the likelihood of residual disease,
clinicians need to proceed to further therapeutic interven-
tions such as applying radiotherapy to the residual mass or
salvage chemotherapy with or without high-dose chemo-
therapy followed by stem cell transplantation. Therefore,
more accurate diagnostic tests to distinguish a posttherapy
disease mass from fibrosis or scar tissue are needed to re-
duce the likelihood of unnecessary and potentially toxic
therapy (3).

18R.FDG PET is a promising functional imaging test for
patients with malignant lymphoma and other malignancies
and has gained wide use during the last decade (4). Its
routine use has been recommended to assess the posttherapy
response of HD, especially if CT reveals a residual mass (3).
Others have also recommended its use for the same purpose
on the basis of its high negative predictive value for HD and
high positive predictive value for NHL (3). A recent survey
of physicians caring for lymphoma patients found that
intended management plans were often changed on the basis
of 13F-FDG PET results (6).

Recently, a systematic review explored the diagnostic
accuracy of '8F-FDG PET for this purpose and assessed
the quality of the included studies (7). Similar to studies of
diagnostic tests in other medical fields, this review revealed
several methodologic problems affecting both the internal
and the external validity of the published studies. The au-
thors, however, estimated summary diagnostic accuracy
without considering the effect of major methodologic vari-
ability on diagnostic tests underlying the original studies.
For example, some of the studies included a mix of NHL
histologies consisting of indolent, aggressive, and highly
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aggressive lymphomas, and others included a mix of patients
consisting of those who received first-line therapy and those
who received salvage therapy. The diagnostic accuracy esti-
mates reported from these studies have limited external
validity and cannot be directly applied to specific clinical
scenarios; each distinct histologic subtype has its unique
clinical profiles, such as treatment strategies, responses, and
prognoses. Also, the review did not consider the different ways
that the primary studies presented results (e.g., individual
patient vs. each lymphoma lesion, all involved sites vs. only
bulky disease, or single vs. multiple inclusions of a patient).
This study was an updated systematic review of the diag-
nostic accuracy of '®F-FDG PET in assessing the response of
HD and aggressive NHL after first-line therapy, with special
empbhasis on the methodologic issues discussed above.

MATERIALS AND METHODS

Study Identification

We searched MEDLINE and EMBASE from January 1966
through July 2006 without language restriction. The detailed search
strategy can be found ‘in Supplemental Table 1 (supplemental
materials are available online only at http://jnm.snmjournals.org).
This search was augmented by SCOPUS and Biological Abstracts.
We also manually reviewed the reference lists of eligible studies,
review articles, and textbooks.

Study Selection

Two of us reviewed the pertinent studies to determine eligibility.
We included prospective or retrospective studies evaluating post-
therapy response assessment by !8F-FDG PET exclusively for
patients with HD or aggressive NHL followed by clinical follow-
up, with or without pathologic confirmation as a reference standard.
We included studies that evaluated at least 10 patients. We consid-
ered aggressive NHL to be mantle cell lymphoma; follicular center
lymphoma, grade II; diffuse large B-cell lymphoma (DLBCL);
primary mediastinal large B-cell lymphoma; peripheral T-cell
lymphoma, unspecified; angioimmunoblastic T-cell lymphoma,
angiocentric lymphoma; and anaplastic large cell lymphoma, T-
and null-cell type by the Revised European—-American Classifica-
tion of Lymphoid Neoplasms (REAL)/World Health Organization
classification, or corresponding subcategories for the International
Working Formulation classification, the Kiel classification, or the
Rappaport classification (8). We included studies of only those
patients who completed first-line chemotherapy, radiotherapy, or
combined-modality therapy and underwent conventional imaging
tests such as CT, ultrasonography, or MRI for posttreatment
restaging just before or after undergoing PET. We focused our
analysis on studies that reported individual patients as the unit of
analysis irrespective of the number of relapses or of the sites of re-
lapse or residual disease, because this is the most appropriate
perspective for clinical decision making. We excluded abstracts,
editorials, comments, letters, review articles, and case reports. We
excluded studies enrolling patients with HIV-associated or post-
transplant lymphoproliferative disorders.

Many studies did not meet all the rigorous inclusion criteria but
did partially include a relevant patient population. For these studies,
we contacted the authors by mail or email to ask for individual
patient data or subgroup data relevant to our inclusion criteria. When
there was no response within 3 wk, another cormrespondence was

sent. When there was no response to the third communication
attempt, we considered the request rejected.

Data Abstraction

Two independent, board-certified hematologists abstracted rel-
evant data for English-language articles. For non—-English-language
articles, data were extracted by a single reviewer working with a
physician native speaker of the relevant language. We used an ab-
straction form consisting of items recommended in the Standards
for Reporting of Diagnostic Accuracy (9). One nuclear medicine
specialist evaluated the technical specifications and quality of the
PET procedure by using recommended guidelines (10). The re-
viewers knew in which journals the studies had been published.
Based on the enrollment of participants before PET, we categorized
studies into 2 groups: “posttherapy evaluation,” or studies that in-
cluded patients irrespective of restaging results on conventional
imaging tests, and “residual mass evaluation,” or studies that eval-
uated only patients for whom visible residual mass lesions were
shown on conventional imaging tests. In the posttherapy evaluation,
we also abstracted the data on the subgroup of patients who had a
residual mass shown on imaging. If the relevant data were unavail-
able from the published literature, we contacted the authors of
the paper to request the subgroup data. Inconsistencies between
reviewers were either clarified by the paper authors or resolved by
consensus.

Assessment of Study Quality and Applicability

To evaluate the quality and applicability of the studies included
in this review, we used an established quality rating system for
diagnostic studies (/) and a recently proposed quality evaluation
tool (12). In the established system, we examined 6 aspects of study
quality: quality and application of the reference standard, indepen-
dence of test interpretation, description of patient characteristics,
cohort assembly, and sample size. We then rated each study as “a”
(the highest quality), “b,” “c,” or “d” (the lowest quality) according
to the predefined score. The recently proposed quality evaluation
tool, which was designed exclusively for studies of diagnostic
accuracy, comprehensively explores both methodologic quality and
reporting. The tool consists of 14 items addressing patient spectrum,
reference standard, disease progression bias, partial and differential
verification bias, test review bias, clinical review bias, incorporation
bias, test execution of both index test and reference standard, study
withdrawals, and indeterminate test results.

Data Synthesis and Statistical Analysis

For each study, we constructed a 2 x 2 contingency table
consisting of true-positive, false-positive, false-negative, and true-
negative, where all patients were categorized as being PET-positive
or -negative and as being positive or negative for disease according
to the results determined through '8F-FDG PET and the reference
standard, respectively. We defined as disease-positive a patient who
had biopsy-confirmed residual disease or whose disease had re-
lapsed during clinical follow-up. We did not independently combine
the sensitivity and specificity of the included studies because this
approach does not take into account the interdependence of these
2 test parameters. We instead estimated summary receiver operating
characteristic (ROC) curves and elliptic 95% confidence regions of
summary sensitivity and specificity by the hierarchical summary
ROC method (/3). This model is a more sophisticated approach than
the conventional linear regression model to compute summary di-
agnostic measures taking account of variations both within a study
and between studies. We fitted the model by using maximum-
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likelihood estimation implemented in the NLMIXED procedure of
SAS/STAT (version 8; SAS Institute) (4). Then, we depicted the
summery ROC curves and confidence regions for summary sensi-
tivity and specificity by using Stata (version 8.2.; Stata Corp.) (15).
Also, we estimated the area under the curve and the Q* statistic, the
point on the curve where sensitivity equals specificity, as global
measures for the summary ROC curves. We explored heterogeneity
between studies by visual assessment of ROC plots for the following
predetermined items: study design (prospective vs. retrospective),
rates of patients with residual mass as found on conventional
imaging tests, relapse rates, follow-up period, timing of PET scan
after completion of therapy, and publication year. We also per-
formed post hoc subgroup analyses for the items used for the
technical specifications of PET and quality assessment.

RESULTS

Study Characteristics

We included 19 studies: 9 studies (16-24) that met all
eligibility criteria and 10 studies (25-34) with relevant
published data or with unpublished data obtained by con-
tacting the authors of the paper (Table 1). The detailed
process by which articles were selected can be found in the
Supplemental Appendix and in Supplemental Figure 1.
Because one group of researchers reported a “residual
therapy evaluation” for HD and aggressive NHL and a
“posttherapy evaluation” exclusively for aggressive
NHL-—and included in both groups the data on some partic-
ipants (23,29)—we separately extracted the relevant data.
Another group of researchers published an updated “post-
therapy evaluation” for HD, with some participants over-
lapping from the previous report (27,31). We contacted the
principal investigator and obtained updated combined re-
sults. For 5 studies that reported both HD and aggressive
NHL (25-28,30), the contacted investigators provided un-
published subgroup data for each category. As a result, we
finally had for further evaluation 15 studies consisting of 474
patients with HD and 8 studies consisting of 254 patients with
aggressive NHL (Table 2).

Most studies were retrospective (Table 1). Four studies
exclusively evaluated patients for whom a posttherapy visual
residual mass was found on conventional imaging tests
(25,29,32,34). Generally, patients underwent PET 1-3 mo
after completing therapy, but some underwent PET at less
than 1 mo. Most studies included both adult and adolescent
patients, but 3 studies also included pediatric patients
(16,21,24).

For HD studies, nodular sclerosis was the leading histo-
logic subcategory and either ABVD (doxorubicin, bleomycin,
vinblastine, dacarbazine) or MOPP (nitrogen mustard, vin-
cristine, procarbazine, prednisone) plus ABVD or ABV
(doxorubicin, bleomycin, vincristine) with or without radio-
therapy was the most widely reported first-line treatment
(Table 2). In posttherapy evaluations, 35%-72% of patients
were found to have a residual mass on conventional imaging
(Supplemental Table 2). Relapse rates were similar for both
posttherapy evaluations and residual mass evaluations, rang-
ing from 4% to 55% and 0% to 50%, respectively.

For aggressive NHL studies, DLBCL was the leading his-
tologic subcategory, and the most widely adopted first-line
therapy was CHOP (cyclophosphamide, doxorubicin, vin-
cristine, prednisone) or comparable doxorubicin-containing
regimens with or without radiotherapy (Table 2). In post-
therapy evaluations, 26%—56% of patients were found to
have a residual mass on conventional imaging (Supplemental
Table 2). Relapse rates were 33%-60% for posttherapy
evaluations and 33%—-67% for residual mass evaluations.

Concerning imaging techniques and technologies, al-
though their reporting was limited, the included studies
generally followed the guidelines of the Society of Nuclear
Medicine for performing !3F-FDG PET (Supplemental Table
3). Only a single study used PET/CT (30). Most studies
adopted qualitative diagnostic criteria: foci of elevated '8F-
FDG uptake unexplained by physiologic uptake. Two studies
(32,34) also adopted quantitative diagnostic criteria: stan-
dardized uptake values (the ratio of '8F-FDG uptake in tumor
sites to that in normal sites). Only 2 studies clearly reported
that all the included participants underwent pretherapy PET
(17,23). Generally, experienced nuclear medicine physicians
interpreted the resuits.

Sensitivity, Specificity, and Summary ROC Curves

HD studies reported widely ranging sensitivities and
specificities for 18F-FDG PET. For posttherapy evaluations,
sensitivity ranged from 0.50 to 1.00 and specificity ranged
from 0.67 to 1.00 (Supplemental Table 2; Fig. 1). For
residual mass evaluations, reported estimates had a similarly
wide range: 0.43-1.00 for sensitivity and 0.67-1.00 for
specificity. The summary ROC curves and confidence re-
gions for summary sensitivity and specificity for posttherapy
evaluations and residual mass evaluations were similar (Fig.
2): The area under the curve for the summary ROC curve
was 0.94 for posttherapy evaluations and 0.93 for residual
mass evaluations, and the Q* statistic was 0.88 for post-
therapy evaluations and 0.86 for residual mass evaluations.

Studies of aggressive NHL also reported a widely ranging
sensitivity but a narrower high specificity. For posttherapy
evaluations, sensitivity ranged from 0.33 to 0.77 and spec-
ificity ranged from 0.82 to 1.00 (Suppiemental Table 2; Fig.
1). For residual mass evaluations, sensitivity ranged from
0.33 to 0.87 and specificity ranged from 0.75 to 1.00. We did
not perform the metaanalysis because there were too few
data points to reliably estimate the summary ROC curves and
confidence regions for summary sensitivity and specificity.

Investigating Heterogeneity

We did not identify any clinical or 8F-FDG PET test
characteristics, or any items that assessed the quality and
applicability of each study, to explain the heterogeneity of
sensitivity and specificity (data not shown).

Quality Assessment of Published Studies

Overall, the quality and reporting of the included studies
were limited (Supplemental Table 4), suggesting that they
are subject to bias and variation limiting the internal and
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FIGURE 1. Sensitivity and specificity for HD (A and B) and aggressive NHL (C and D). Size of square plotting symbol is proportional to
sample size (for sensitivity, number of patients who relapsed; for specificity, number of patients in remission) for each study. Horizontat
lines are 95% confidence intervals. One study (Foo et al.) is omitted for sensitivity for HD because there were no cases of relapse.

external validities, respectively, of the test results. The DISCUSSION

detailed results of the quality assessment can be found in  This systematic review showed that the reported sensitiv-
the Supplemental Appendix. ities and specificities of '®F-FDG PET to assess residual
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FIGURE 2. ROC plotting and summary ROC curve of 8F-FDG PET for HD and aggressive NHL. Individual study estimates of
sensitivity and 1 — specificity are shown for posttherapy evaluation and residual mass evaluation of HD (A and B) and aggressive
NHL (C and D). Size of each circle is proportional to sample size for each study (all study participants). Solid crescent boundary
represents 95% confidence region for summary sensitivity and specificity.

disease for patients with HD who completed first-line
chemo- or chemoradiotherapy had large between-study
heterogeneity. In addition, the summary ROC curves and
confidence regions for sensitivity and specificity showed
similar and good overall diagnostic accuracy irrespective
of the presence of a visible residual mass on conventional
imaging modalities such as CT or MRI. For aggressive NHL,
although our review showed a relatively stable high speci-
ficity and variable sensitivity, there were too few studies to
calculate a reliable overall diagnostic accuracy.

Many potential factors may explain the heterogeneity. For
test characteristics, differences in the type of PET scanner, in
the timing of PET after the completion of therapy, in positive
test criteria, and in the clinical experience of the interpreters
are relevant. For patient characteristics, several differences
should be considered: in the type of histology, especially for
aggressive NHL (e.g., DLBCL vs. other aggressive NHLs);
in therapeutic strategy (e.g., chemotherapy vs. combined-
modality therapy); in the presence or absence of a visible
residual mass on conventional imaging tests; and in relapse
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risk groups, such as the international prognostic score for
advanced-stage HD (36) or the international prognostic
index for aggressive NHL (8). For study characteristics, dif-
ferences such as method of patient selection (e.g., prospec-
tive vs. retrospective), type and application of a reference
standard, and patient follow-up have been reported to affect
the variability of sensitivity and specificity (9,37). Because
the available data were limited, we could not identify spe-
cific factors that explain the heterogeneity, which should be
further addressed in future studies. Although the reported
positive PET criteria appeared almost identical in all HD
studies, the large crescent shape of the confidence regions
implies a negative correlation between sensitivity and spec-
ificity across the included studies, suggesting that a variation
in threshold may partially explain the between-study hetero-
geneity.

Our study had several important limitations. Because we
selected only those studies for which pertinent data were
available, several important investigations (some of which
were included in the’previous metaanalysis) may have been
excluded. Also, because most data were derived from retro-
spective studies with poor-quality design and reporting, our
conclusions are subject to the bias and variations in the
original studies (37). In addition, our review included only a
single study in which patients with DLBCL received rituximab
in addition to CHOP (22). Because the combination of
rituximab with CHOP is a current standard therapy (38), our
results may be less applicable to clinical practice. Further,
we included only a single study (30) that used a relatively
new and promising additional technique—PET/CT—that may
overcome the current technical limitations of PET (39).

In the recently revised consensus recommendations, 18F-
FDG PET has become an important component of postther-
apy response assessments in clinical trials for HD and
DLBCL (40). Although the currently available data have
limitations, our systematic review would probably support
the clinical relevance of the response criteria for high-risk
HD; incomplete response defined by positive PET findings
would have an excellent ability to predict relapse irrespective
of whether a residual tumor mass is found on conventional
imaging. For favorable-risk HD, patients labeled as incom-
plete responders after first-line therapy should still have a
moderate possibility of long-term remission. Thus, clinical
investigators adopting the recommendations into therapeutic
efficacy trials would need to decide how to manage patients
in this category before implementing the trials. For DLBCL
and other aggressive NHLs, our results based on the limited
clinical evidence would not suffice to support the criteria, and
further research is necessary to validate them.

Our review shows that currently available data do not
suffice to answer the phase 3 question of diagnostic accuracy
studies: What is the diagnostic accuracy of '3F-FDG PET for
posttherapy response assessment of malignant lymphoma?
(41). Reliable clinical evidence is especially limited for
aggressive NHL. Further investigation should include pro-
spective diagnostic accuracy studies (phase 3) of PET or

PET/CT that adopt a more rigorous research methodology.
We propose that, ideally, diagnostic accuracy studies should
accompany prospective clinical trials to answer efficacy
questions. Data on additional therapy, such as involved-field
radiotherapy or high-dose chemotherapy with autotransplan-
tation, for posttherapy PET-positive patients are limited.
Before the routine clinical implementation of a treatment
strategy based on posttherapy PET findings, randomized
studies should assess the impact on patients’ clinical out-
comes, if appropriate (phase 4) (4]). Also, determination of
the cost-effectiveness of treatment strategies adopting PET is
necessary to allow a better understanding of the role of
posttherapy PET.

CONCLUSION

The currently available data show that 3F-FDG PET has
good overall accuracy in detecting residual disease in pa-
tients with HD who have completed first-line therapy. The
current literature has methodologic weaknesses that may
overestimate accuracy. Because data from original studies
are limited, our review could not find robust evidence to
answer the question of whether clinicians should routinely
use PET to assess the posttherapeutic response, suggesting
that they should be cautious about making clinical decisions
based solely on a PET result.
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To investigate clinicopathological features of pyothorax-associated lymphoma (PAL), we examined medical
records of 98 patients (88 males and 10 females) with PAL at a median age of 70 years (range 51-86). Seventy-
nine patients had a history of artificial pneumothorax. Median interval between diagnosis and artificial
pneumothorax was 43 years (range 19-64). At diagnosis, performance status (PS) was 0-1 (n = 56) and 2-4
(n = 42). Clinical stages were | (n = 42), Il (n = 26), lll {n = 8} and IV {n = 22). Pathological diagnosis comprised
diffuse large-B-cell {(n = 78) and peripheral T-cell lymphoma (n = 1). Seventeen were treated supportively. The
other 81 received aggressive treatments; chemotherapy (n = 52), radiotherapy (n = 7), surgery (n = 4) and
combination (n = 18). Five-year overall survival (OS) was 0.35 (95% confidence interval, 24% to 45%). Causes of
deaths were PAL (n = 39), respiratory failure (1 = 13) and others (n = 12). Multivariate analysis identified
prognostic factors for OS; lactate dehydrogenase levels [hazard ratio (HR) = 2.36; P = 0.013], sex (female versus

male) (HR = 0.15; P = 0.01), PS (2-4 versus 0-1) (HR = 2.20; P = 0.02), clinical stages (lIl/iV versus /1I)

(HR = 1.95; P = 0.037) and chemotherapy (HR = 0.31; P = 0.01). Most patients with PAL are elderly and
have comorbidities, while some of them achieve durable remission with appropriate treatments. These findings
prompt us to establish an optimal treatment strategy on the basis of risk stratification of individual patients.
Key words: artificial pneumothorax, diffuse iarge B-cell lymphoma, Epstein-Barr virus, malignant fymphoma,

tuberculosis

introduction

Pyothorax-associated lymphoma (PAL) is a lymphoproliferative
disorder developing in the pleural cavity after a long-standing
history of pyothorax. While the pathogenesis, clinical features
and optimal treatment have not been clarified, PAL represents
an entity distinct from other malignant lymphomas [1]. PAL
usually develops in patients who have undergone artificial
pneumothorax for the treatment of pulmonary tuberculosis,
and the interval between the operation and development of PAL
has been reported to be 22-55 years [1-7]. Most studies on PAL
are reported from Japan, but occasionally from other Asian [8]

*Correspondence to: Br M. Kami, Division of Exploratory Research, the Institute of
Medical Science, University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108-86389,
Japan. Tel: +81-3-6409-2068; Fax: +81-3-6409-2069: E-mail: kami-tky@umin.ac.jp

© 2006 European Society for Medical Oncology

and Western countries [9] in the recent literature. Artificial
pneumothorax, as a form of surgical treatment of lung
tuberculosis, had been more widely carried out in Japan than in
the Western countries, especially in the 1930s to 1950s {10].
Artificial pneumothorax is the most significant risk factor for
development of PAL [10]. Approximately 2% of patients with
chronic pyothorax develop PAL [7]. In the majority of these
patients, the lymphoma cells are classified as large atypical B
cells, and they express latent gene products of Epstein—Barr
virus (EBV) [11, 12].

Optimal management of PAL is unclear. In Japan, ~70% of
patients with PAL receive chemotherapy and/or radiotherapy
{1]. Recent studies showed that PAL is responsive to
chemotherapy {6] and radiotherapy, but the overall prognosis is
poor, with a 5-year survival of 21.6% [6]. Some case series
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indicated that surgical interventions including open-window
thoracostomy and pleuropneumonectomy are beneficial for the
treatment of PAL [1]; however, their studies are too small to
make a definite conclusion. Since most patients with PAL are
elderly and/or have comorbidities, invasive approaches are not
feasible options in these patients. Treatment strategy of PAL
must be established on the basis of the risk stratification of
individual patients. We reviewed 98 cases of patients with PAL
to investigate its clinicopathological features, treatment
outcomes and prognostic factors.

patients and methods

patient selection and clinical records
We collected data from a total of 139 cases of PAL from 88 collaborating
institutions. Clinical, pathological, immunophenotypic and karyotypic data
were obtained from patients’ records, autopsy request forms and
pathological reports in 98 patients. Four cases were reported previously in
the nationwide retrospective analysis in Japan [2, 6]. All the patients were
diagnosed from Novemnber 1980 to May 2001. Performance status (PS) was
evaluated by using Eastern Cooperative Oncology Group (ECOG) PS [13].
International Prognostic Index was evaluated as previously described {14].
Histological diagnosis was done on the basis of institutional diagnosis.
Discrepancies in nomenclature among centers were resolved according to
the synonyms in the World Health Organisation classification {15].

diagnostic criteria of PAL

PAL was defined as lymphoma developing in the pyothorax with or without
involvement of regional lymph nodes or other visceral tissues [6]. Diagnosis
of PAL was made by pathological examination of biopsy specimens obtained
from the lesion in the pleural cavity or autopsy. Diagnosis of PAL was not
established in patients without lesions in the pleural cavity or those without
a history of pyothorax. Clinical stages were evaluated according to the
proposed criteria [16].

end points and statistical analysis

The end points of this study are to (i) describe clinicopathological features of
PAL, (ii) clarify its prognostic factors and (iii) investigate its optimal
treatment. The probability of survival was calculated as a function of time
with the Kaplan—Meier method. The estimated survival was calculated as of
31 July 2001. A log-rank test was applied to assess the impact by the factor of
interest when appropriate. Uni- and multivariate Cox proportional hazard
models were applied to assess the impact of potential prognostic factors.
Multivariate model was built with forward/backward stepwise method using
threshold P value for removal and adding in the model as 0.20 and 0.10,
respectively. We applied P value <0.05 as statistical significance. All the
analyses were conducted by STATA version 9.2 (STATA Corp., College
Station, TX).

results

patients’ characteristics

Patients’ characteristics at the diagnosis of PAL are shown in
Table 1. There were 88 males and 10 females, and their median
age was 70 years (range 51-86). Seventy-nine patients (81%)
had a history of artificial pneumothorax, and median interval
between diagnosis of PAL and artificial pneumothorax was

43 years (range 19-64). At the diagnosis of PAL, PS was 0-1
(n = 56) and 2—4 (n = 42), and 49 patients (50%) had B
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Table 1. Patient characteristics at the diagnosis of PAL

Variables < -0 .~
Patient background =~

Number of patients . Coigg
Median age (range), years . _ 70(51-86)
Sex (male/female) T 88/10 A
Artificial preumothorax® = : 79
Median age at the onset of pyothorax ' ' 30 (14-50)
(range), years )
Side of pyothorax (right/left/unknown) 40/57/1
Interval between pyothorax and 43 (19-64)
deveioj:iﬁér.itlgfk"PAL' median (fange); years T
Clinical stage (JIVIITV) - 42°/26/8/22
B symptoms (present/absent) 49/49°
LDH, median (range), [U/ 523 (109-3100)
IPI (low- risk/low-intermediate risk/ 5/21/33/39
highi-ihtermediate risk/high risk) s
ECOG PS (0/1/2/3/4), 21/35/20/15/7
Immunohistochemical characteristics
of lymphoma celi .. - ) ; L
CD3 (positive/negative) 0/43
CD4 (positive/negative) - . 0/6
CD5 (positive/negative) . ) . Ue S
CcD8 (positive/negative‘) ] ) 06
CDI10 (positive/negative) : e
CD20 (positive/negative) ‘ T a2 ‘
CD30 (positive/negative) v 38
CD33 (positive/negative) , .. 0/8
CD34 (positive/negative) v- 0/7
CD43 (positive/negative) _ 45
CDs56 (positive/negative) o6
CD79a (positive/negative) (14/1

*Information was not available in one patient.

PAll are classified as stage IE.

ECOG: Eastern Cooperative Oncology Group; IPI: International
Prognostic Index; LDH: lactate dehydrogenase; PAL: pyothorax-associated
lymphoma; PS: performance status.

symptoms. Clinical stages were I (n = 42), II (n = 26), III
(n=28) and IV (n = 22).

pathological examination

In situ hybridization using a probe for EBV-encoded RNA-1
demonstrated the presence of the EBV genome in the nucleus of
tumor cells in 28 of 29 (88%) patients. Immunohistochemical
studies revealed that 12 of 14 (86%) and 11 of 17 (65%) patients
were positive for Epstein—Barr virus nuclear antigen (EBNA)-2
and latent membrane protein (LMP)-1, respectively.
Immunohistochemical analysis for human herpes virus
(HHV)-8 detection in lymphoma cells was not conducted.
Information on pathological diagnosis was available in 79
patients. The diagnosis included diffuse large B-cell lymphoma
{n = 78) and peripheral T-cell lymphoma (n = 1).
Immunochistochemical characteristics of lymphoma cells are
shown in Table 1. Information on cytogenetic analysis was
obtained in seven patients. Two patients had a normal
karyotype. One patient had the abnormality of dicentric

doi: 10.1093/annonc/mdi349. | 123
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(15;18)(p11:p11). The remaining four patients had a complex
karyotype, including 56-64, XX, X, add(1)(q11), add(4)(q31)
(n=1), add(3)(p11), —18, +mar (n=1) and hyperdiploid with
abnormality of 3p, 8q, 15p (n=1). The information was not
available in one patient.

treatment and outcomes

Seventeen patients (17%) were treated supportively, and
the other 81 patients (83%) received aggressive treatments

Table 2. Clinical stage and outcome

ECOG PS (0/1/2/3/4) 14/18/8/l/i 4/12/4/5/1 3/5/8/9/5
Treatment of PAL

Aggressive therapy®

Chemotherapy 15° 18¢ 19¢

[rradiation 4 2 1

Surgery 4 0 0

Chemotherapy and 10 2 0
irradiation

Chemotherapy and surgery 4 0 1

Chemotherapy, irradiation 1 0 0
and surgery

Response rate of aggressive  76% 76% 32%

therapy ’

Palliative therapy 4 4 9
Alive/dead at last follow-up 18/24 10/16 6/24
Median survival (months) 51.8 12.2 7.5
Cause of death

PAL 15 11 13

Respiratory failure 7¢ 2f 48

Sepsis 0 0 3

Hemorrhage 0 0 2

Renal failure 1 0 0

Multiple organ failure 0 1 1

- Heart failure 0 1 0

Others" 1 1 1
Death with PAL in remission 3 1 0
Death within 1 year after onset 9 12 19

of PAL

“No patient received rituximab.

PThose patients who received CHOP or its related regimen.

“Those patients who included CHOP or its related regimen (1 = 17) and
ProMACE-CytaBOM (n = 1).

9Those patienis who included CHOP or its related regimen (1 = 18) and
MACOP-B (n = 1).

“Caused by pneumonia (1 = 2), pulmonary tuberculosis (n = 1}, pyothorax
(n = 1) and bronchopleural fistula (1 = 1). The information was not
available in remaining two patients.

{Caused by pulmonary emphysema (1 = 1) and pneumonia (1 = 1).
8Caused by pneumonia (n = 3) and pyothorax (n = 1).

*Included suicide (n = 1) and unknown (1 = 2).

CHOP, combination chemotherapy with cyclophosphamide, doxorubicin,
vincristine and prednisone; ECOG, Eastern Cooperative Oncology Group;
PAL, pyothorax-associated lymphoma; PS, performance status.
ProMACE-CytaBOM, the combination chemotherapy with
cyclophosphamide, doxorubicin, etoposide, prednisone, cytarabine,
bieomycin, vincristine, methotrexate and leucovorin.
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(Table 2). Response rates to chemotherapy, radiotherapy
and chemoradiotherapy were 56%, 71% and 83%,
respectively. Since assessable lesions were completely
removed by surgery, response was not assessable in the
remaining 10 patients who received it. Clinical characteristics
and outcomes according to clinical stages are shown in
Table 2.

Sixty-four patients died during their clinical courses. Their
causes of deaths included PAL (n = 39), respiratory failure
(n = 13) and others (n = 12) (Table 2). Four patients died
without recurrence of PAL. Autopsy was conducted in 22
patients. Either ante-mortem or post-mortem examination
revealed multiorgan involvement of PAL in 69 patients (70%).
These organs included lymph nodes (n = 32), liver (n = 12),
bone (n = 9), bone marrow (n = 8), contralateral lung (n = 13),
gastrointestinal tract (n = 9), central nervous system (n = 8),
spleen (n = 6), diaphragm (n = 4), pancreas (n =5), skin (n = 8),
kidney (n = 5), heart (n = 3), bladder (n = 2), prostate (n = 2)
and testis (n = 2). '

Median follow-up of the surviving patients was 33 months
(range 1-241 months). The 5-year overall survival (OS) rate
was 0.35 [95% confidence interval (CI) 0.24-0.45] (Figure 1).
The 5-year OS rate was 0.47 (95% CI 0.30-0.63), 0.35 (95%
CI 0.16-0.54) and 0.15 (95% CI 0.04-0.33) in patients
with stages I, II and I-IV disease, respectively (Figure 2). Of
the 41 patients with stage I disease, four received surgery
alone as a primary treatment. Two patients died at 8 and 47
months after the diagnosis of PAL due to progression of
underlying disease and respiratory failure, respectively. The
remaining two patients are alive 32 and 62 months after the
diagnosis of PAL.

prognostic factors of PAL

Prognostic factors of PAL are shown in Table 3. Multivariate
analysis identified several prognostic factors for OS; lactate
dehydrogenase (LDH) levels [hazard ratio (HR) = 2.36;

[+ 2 4 6 8 10
Years after diagnosis of PAL

Figure 1. Overall survival (OS) of patients with pyothorax-associated
lymphoma. The 5-year OS rate was 0.35 (95% confidence interval
0.24-0.45). PAL indicates pyothorax-associated lymphoma.
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Stage ll

4
o
-

Years after diagnosis of PAL

Figure 2. Overall survival (OS) of the patients with stage I, Il and III/IV
diseases. The 5-year OS rates were 0.47 [95% confidence interval (CI)
0.30-0.63], 0.35 (95% CI 0.16-0.54) and 0.15 (95% CI 0.04-0.33) in
patients with stages I, Il and I-IV disease, respectively. OS is different
among the three groups {P < 0.0001). PAL indicates pyothorax-associated
lymphoma.

Table 3. Prognostic factors of overall survival

Univariate factors S R A
nAge . . . e 100
Sex (female versus male) o - 0.18
[nterval between onset of pyothorax h 1.00
and PAL ‘ -
de of pyothora?( (nght vetsus left) 0.77

L 0.97-1.04 . 0.94
. 0.04-074 002

0.99-1.02 . 0.63

046-129 032

" LDH (elevated versus normal) 1.06 0.86-1.30 058
Bsymptoms o T 163 0.99-2.70 006
k> Hxstory of artlﬁctal pneumothroa.x 0.88 v_ | 0 47-1.66 : 070
-#Clinical stage (stage III/IV versus I/II) 2.89 © 1.70-4.89 <'0.oo'1 ‘

: Irradnanon R . 086" 049-151 0.0

4 Chemotherapy" s T 0.67 0.37-122 " 0.19
Operation U 0407 0.04-109 007
ECOG PS (2-4 versus [ 338 1.98+5.77 '<0.001

Multwanate factors LR : S - :

Ager v e 101 0:97-1.05 - 072

%' LDH (elevated versus normal) "~ ->.. 2.36 '1.20-4.65  0.01
B symptoms ;. : Cot 1.65 0.95-2.87  0.08

. Clinical stage (stage III/IV versus l/II) 1.95 1.04-3.65 -, :0.04

" Sex (female versus male) o i.. . 015 0.03-0.64 - 0.01
Irradiation . ..~ .~ . - 049 . 022-110 0.09 .
4 Chemotherapy-. - -~ ...+ . 031.  013-075 001 .
Operation. -, .., - . 031 0.09-1.08 0.07
ECOG PS (24 versus 0—1) 2.20. . 1.15-4.20 - 0.02

ClI, confidence interval; ECOG, Eastern Cooperative Oncology Group;
PAL, pyothorax-associated lymphoma; PS, performance status;
LDH, lactate dehydrogenase.

P = 0.013], sex (female versus male) (HR = 0.15; P = 0.01),
PS (2—4 versus 0-1) (HR = 2.20; P = 0.02), clinical stages
(II/IV versus I/II) (HR = 1.95; P = 0.037) and chemotherapy
(HR = 0.31; P = 0.01).
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discussion

Clinical features of PAL shown in the present study are
comparable to previous reports [2, 6, 7, 17]. PAL develops in
elderly patients with a history of artificial pneumothorax, and
median interval between artificial pneumothorax and the
diagnosis of PAL was 43 years {range 19—-64). Approximately
two thirds of patients had localized diseases, whereas the PS was
poor even in patients with early-stage disease. The present
nationwide study showed that the ECOG PS was 23 in 43% of
the patients with PAL, while the patients with good general
conditions were reported in a previous small-sized case report
from Japan [18].

Underlying chronic pyothorax or respiratory failure, which is
probably associated with the poor PS, can be an obstacle to the
treatment of PAL. Male predominance has been demonstrated
in reports on PAL, and most researchers discussed that it is
attributable to the male dominance of tuberculosis {2, 6, 7, 17].
The male : female ratio in the present study and in the previous
study from Japan [19] was 9: 1 and 12.3 : 1, respectively. While
these are not comparable, these are remarkably higher than the
ratio of 2 : 1 in the Japanese patients with tuberculosis [20]. It is
reasonable to assume that genetical and/or environmental
factors other than tuberculosis might be involved in the male
dominance of PAL and that these might be associated with the
pathogenesis of PAL. In consideration of future clinical
significance of PAL, it should be noted that 20% of the patients
have not received artificial pneumothorax in the present study.
Artificial pneumothorax is now rarely conducted in Japan;
however, the present study indicates the possibility that PAL can
occur in patients with structural lung diseases, genetic
abnormalities, and disorders of innate or acquired immunity
[21]. PAL remains an important clinical entity, and further
investigations are awaited on PAL without a history of artificial
pneumothorax. Immunohistochemical analyses for HHV-8
detection in lymphoma cells were required in those patients to
exclude the possibility of HHV-8-associated primary effusion
lymphoma, which has been reported in elderly patients without
immune deficiency [22].

The present study showed that the clinical stage of PAL is an
important variable in the therapeutic decision making for PAL.
Advanced PAL has a poor prognosis; the 5-year survival rate was
15% in patients with PAL at stage 3—4. Approximately 30% of
these patients were treated with supportive measures due to
advanced ages and/or comorbidities, while the remaining 70%
of the patients received aggressive treatments. These findings
indicate that it is difficult to control advanced PAL with the
current therapeutic procedures on the basis of combination
chemotherapy with cyclophosphamide, doxorubicin, vincristine
and prednisone (CHOP). Considering that no patients were
given either rituximab or ibritumomab in the present study,
clinical significance of these molecular agents warrant further
investigation.

In contrast, some patients with PAL at an early stage achieved
durable remission in the present study. PAL at an early stage can
be cured with the current therapeutic measures. Development of
PAL is associated with chronic inflammation, and these
situations are similar with malignant lymphoma of mucosa-
associated lymphoid tissue and that of thyroid gland, in which
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Helicobacter pylori-induced gastritis and Hashimoto’s
thyroiditis contribute to their pathogenesis [23, 24]. Surgery
generally plays a limited role in the treatment of malignant
lymphoma, while surgical resections of lymphoma lesions are
frequently curative in these lymphomas {25-27]. Four patients
with PAL at stage 1-2 were treated with surgery alone in the

~ present study, and two achieved durable remission. Surgical
resection might be curative for early-stage PAL. Further studies
are warranted to investigate its role in the treatment of PAL. On
the other hand, one patient died of recurrence of PAL, and
distant lesions of PAL can be overlooked using the current
diagnostic procedures. Since PAL occasionally involves the extra
nodal organs [28], precise evaluation of clinical stage is essential
to establish optimal treatments for PAL. Novel diagnostic
modalities, such as magnetic resonance imaging and positron
emission tomography, may be useful for making an accurate
staging of PAL [29].

Immunohistochemical examination of PAL cells in the
present study has shown the same expression pattern as reported
previously (1, 6, 7, 30-32]. PAL cells expressed some EBV-
associated antigens; EBNA-2 and LMP-1in 12 of 14 and 11 of 17
patients, respectively. These antigens are targets of the cytotoxic
T lymphocytes [33], and the expression pattern of EBV-
associated antigens in PAL is categorized as latency III, which is
same as the pattern of malignant lymphomas developing in
immunocompromised patients. These findings raise the
possibility of underlying immune defects in PAL; however,

a majority of the patients with PAL are immunocompetent. It
remains unknown how PAL evades the immune system in
immunocompetent patients, but it is to be noted that PAL
develops in the lung abscess and that it sometimes stays there
without any nodal involvement. In the present study, 66 of the
98 patients with PAL had not presented nodal involvement
through their clinical courses. Since the immune system cannot
work well in the space of abscess [30], PAL may be able to
survive in the lung abscess even in immunocompetent patients.
Nodal involvement rarely occurs until progression of PAL, and
some genetic events such as loss of tumor suppressor genes may
be required for the dissemination of PAL. Clinicopathological
studies using molecular (34, 35] and immunological techniques
[36] are warranted to clarify the mechanism of immune escape
and progression of PAL.

Identification of prognostic factors of PAL is important to
establish an optimal treatment strategy, considering that some
patients with PAL at early stage can be cured with adequate
treatments and that approximately two thirds of the patients
were at stage 1-2 when the diagnosis of PAL was established.
The present study has demonstrated that sex is significantly
associated with survivals as well as conventional prognostic
factors including serum levels of LDH, clinical stage and PS {37].
Interestingly, none of the 10 female patients died of disease
progression (data not shown). The prognosis is more favorable
in females than in males. These observations will provide an
important clue to investigate the pathogenesis of PAL. Sex
hormones per se might play a role in the development and
progression of PAL. Alternatively, some factors associated with
sex might be involved in the lymphomagenesis and progression
of PAL. Previous epidemiological studies have identified several
risk factors of malignant lymphoma, and some of them are
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associated with sex. These included pregnancy {38], smoking
history [39] and alcohol consumption [40]. Further studies are
warranted to investigate the association between sex and PAL.
While the present study provided novel information on PAL,
it has some limitations to be discussed. Firstly, this is
a retrospective study, involving a small number of patients. It
might have been influenced by unrecognized bias. Secondly, the
present study provided little information on morphological,
immunohistochemical, karyotypic and genetic findings of PAL.
More detailed information on these findings has to be
investigated. The more detailed macroscopic findings, such as
size of lesions and the depth of the invasion of pleura, are also
needed. Thirdly, clinical features of PAL, which is not associated
with pneumothorax, are not clarified, while these kinds of PAL
may become a significant problem in the future. Fourthly,
information of the type and the degree of comorbidities is
limited in the present study although these comorbidities have
an impact on response rate and survival in the elderly patients.
Lastly, optimal treatments for PAL have not been established.
These findings prompt us to conduct further large-scale
prospective studies.
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