
To the editor:

Non-Hodgkin lymphoma in familial amyloid polyneuropathy patients in Sweden

Amyloidosis is characterized by deposition of fibrillar protein
amyloids in a single organ or systematically in many organs.1,2 At
least 27 precursor proteins to amyloids are known.1,2 Some forms of
amyloidosis are associated with neoplasms, most notably immuno-
globulin light-chain amyloidosis with multiple myeloma, mono-
clonal gammopathy of unknown significance, and, rarely, with
non-Hodgkin lymphoma (NHL).2,3 The most common and wide-
spread hereditary amyloidosis, familial amyloid polyneuropathy
(FAP), is caused by transthyretin mutations.4 It is endemic in northern
Sweden, showing variable presentation even for the same mutations;
the mean age of onset is 56 years and the range of survival time is 5 to
15 years.5 The ultimate treatment is liver transplantation. Because there
are no data linking FAP to cancer, we carried out a follow-up study
of Swedish FAP patients identified from the nationwide Hospital
Discharge Register (1997-2010) and the Outpatients Register (2001-
2010); the data sources and calculation of standardized incidence ratio
(SIR)were described elsewhere;6 the reference cancer patientswithout
FAP, diagnosed in the same period, were from the endemic northern
provinces. The start of follow-up in 1997 was the first year when FAP
could be identified from the records. Cancers were identified from the
Swedish Cancer Registry (1997-2010).

The population included 224 men and 145 women with FAP in
whom a total of 30 cancers were diagnosed (Table 1, data shown for
cancers with at least 2 cases). Only NHL was significantly increased
to an SIR of 5.02. The increase was significant both for diffuse large
B-cell NHL and the “other” types, which were nonspecified forms
of B-cell NHL (2 patients), NHL (2 patients), and T-cell NHL
(1 patient). When stratified by gender, the SIR in women was 7.81
compared with 4.13 in men. All NHL cases were diagnosed in FAP
patients older than 60 years at hospitalization. The first hospitaliza-
tion for FAP was concurrent to or before the diagnosis of NHL in
6 patients; in 2 patients, NHL diagnosis appeared to be 3 to 4 years
earlier, but because FAP is chronic disease, the disease was in
progress probably years before. According to the Hospital Discharge
Register, none of the 8 patients had undergone liver transplantation;
none were first-degree relatives to each other. No cases of myeloma
were recorded. The overall cancer risk was decreased to 0.68, which
may be a result of underdiagnosis or underreporting of cancer in
seriously ill patients with a progressive disease.

One can only speculate about the mechanisms. NHL is often
related to immune suppression or excessive immune stimulation. It is
possible that amyloid particles elicit an immune stimulation either
directly or through inflammation in tissue deposits. Even though FAP
is a rare disease, wild-type transthyretin is the amyloid precursor in
senile amyloidosis, which at least in Sweden and Finland is the most
common systemic amyloidosis, affecting up to 25% of individuals
older than 70 or 85 years.7,8 Thus, an urgent question is whether NHL
would also associate with this common wild-type transthyretin-
related senile amyloidosis.
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Table 1. SIR for cancer of patients diagnosed with FAP from 1997 to 2010

Men Women All

O SIR 95% CI O SIR 95% CI O SIR 95% CI

Cancer site

Colon 1 0.47 0.00 2.68 2 2.20 0.21 8.09 3 0.98 0.19 2.91

Rectum 2 1.47 0.14 5.40 0 2 1.13 0.11 4.15

Breast 0 2 0.54 0.05 1.99 2 0.54 0.05 1.97

Endometrium 0 2 2.27 0.21 8.33 2 2.27 0.21 8.33

Prostate 7 0.54 0.21 1.12 0 7 0.54 0.21 1.12

Non-Hodgkin lymphoma 5 4.13 1.30 9.72 3 7.81 1.47 23.11 8 5.02 2.14 9.94

Diffuse large B cell 1 3.06 0.00 17.57 2 12.10 1.14 44.50 3 6.10 1.15 18.06

Others 4 5.78 1.50 14.94 1 7.18 0.00 41.18 5 7.70 2.43 18.10

Leukemia 0 2 7.97 0.75 29.32 2 1.66 0.16 6.11

All 19 0.59 0.36 0.93 11 0.92 0.46 1.65 30 0.68 0.46 0.98

The reference population was from the 2 endemic northernmost provinces (Norrbotten and Vesterbotten, Sweden). SIR was standardized for age and gender.

Bold type indicates 95% confidence interval, but does not include 1.00.

O, observed number of cases; CI, confidence interval.
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To the editor:

The microenvironment of AIDS-related diffuse large B-cell lymphoma provides insight into the
pathophysiology and indicates possible therapeutic strategies

We read with great interest the article by Liapis and Colleagues1 that
was published in Blood on May 7, 2013 (online ahead of print). The
authors investigated the tumor, microenvironment, and viral compo-
nents in AIDS-related diffuse large B-cell lymphoma (DLBCL). The
results of the study showed that AIDS-related DLBCL is highly
angiogenic, with markedly higher blood-vessel density than sporadic
DLBCL cases. Importantly, the investigation also highlighted the role

of Epstein-Barr virus (EBV) in angiogenesis.1 In a previous work,2 we
used gene expression profile (GEP) analysis (;12 000 genes) to
further define the phenotype of AIDS-related non-Hodgkin lym-
phoma (AIDS-NHL).2 The AIDS-NHL cases selected for the study
included several subtypes displaying distinct histologic appearance.
Indeed, the spectrum of AIDS-NHL ranged from DLBCL of the
centroblastic or immunoblastic type to primary effusion lymphoma
and Burkitt lymphoma. In agreement with their distinct morphologic
appearance, the results indicated that EBV-positive AIDS-DLBCL of
the immunoblastic type (AIDS-DLBCL-IB) represented a separate
entity relative to AIDS-NHL. Among the various subtypes of AIDS-
NHL, EBV-positive AIDS-DLBCL-IB seemed to be more similar to
primary effusion lymphoma.2

Since an additional aim of the original work2 was to investigate
the relationship of AIDS-NHL to normal B cells and to AIDS-
unrelated NHL, we would like to raise 2 more questions about
EBV-positive AIDS-DLBCL-IB: (1) what is the relationship with the
supposed lymphoma counterpart in immunocompetent hosts?, and (2)
where do tumor cells derive from? To determine the relationship with
the lymphoma counterpart in the immunocompetent hosts, we com-
pared GEPs by unsupervised and supervised analyses. The results of
the comparative analysis revealed that AIDS/Burkitt lymphoma and
AIDS-DLBCL of the centroblastic type, but not EBV-positive AIDS-
DLBCL-IB, were indistinguishable from their counterparts in immu-
nocompetent hosts. To define the cellular origin, we compared the
GEPs of the individual AIDS-NHL cases with the specific gene ex-
pression signatures of normal B-cell subsets. We included in the
comparative analysis EBV-immortalized B-cell lines as representative
of immunoblasts and multiple myeloma cell lines as representative of
the terminally differentiated plasma cell stage. We found relatedness
of the GEP of the EBV-positive AIDS-DLBCL-IB cases to the
multiple myeloma cell lines. In summary, EBV-positive AIDS-
DLBCL-IB represented a distinct entity when compared with the
other AIDS-NHL subtypes and its supposed counterpart in immu-
nocompetent hosts. Moreover, by GEP analysis, EBV-positive
AIDS-DLBCL-IB displayed a phenotype related to plasma cells
(Figure 1).3 This finding was not surprising, since it is known that

Figure 1. EBV-positive AIDS-related DLBCLs of the immunoblastic type display

a phenotype related to plasma cells. The tumor cells display immunoblast-associated

antigens together with plasma-cell–associated markers. The figure also shows the

putative role of EBV in the microenvironmental angiogenesis by inducing vascular

endothelial growth factor (VEGF) upregulation.
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