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TEMPI syndrome (telangiectasias, elevated erythropoietin level and erythrocytosis, monoclonal gammopathy,

perinephric fluid collections, and intrapulmonary shunting) is a recently described syndrome that, owing to

erythrocytosis, may be confused with polycythemia vera. It is best classified as a type of plasma cell dyscrasia

with paraneoplastic manifestations, similar to POEMS syndrome (polyneuropathy, organomegaly, endocrino-

pathy, M-protein, and skin abnormalities). To date, 11 patients have been identified. This is the first morphologic

review of TEMPI syndrome bone marrow samples, in order to define pathologic features that may aid in the

recognition of the syndrome and to identify post-therapy changes. Seven bone marrow aspirates and biopsies

from three patients, including two post-treatment marrows, were examined. Patients were 36, 49, and 49 years

old at time of diagnosis. In all cases, erythropoietin levels were extremely elevated at45000 IU/l, the paraprotein

was IgG kappa, JAK2 V617F was negative and vascular endothelial growth factor levels were normal. In one

case, the increase in clonal plasma cells reached levels of smoldering myeloma (18%), but remaining marrows

showed few monoclonal plasma cells (o5%). All pre-treatment biopsies showed erythroid hyperplasia, with

mild nonspecific megakaryocytic, and erythroid cytologic atypia in one marrow. Prominent plasma cell

vacuolization and reactive-appearing lymphoid aggregates were noted in one case. Findings of myeloproli-

ferative neoplasms, including megakaryocyte clusters and fibrosis, were not identified. In conclusion, TEMPI

syndrome should be considered when erythrocytosis and plasma cell dyscrasia coexist. The bone marrow

findings, although nonspecific, differ significantly from polycythemia vera. Peculiar clinical and laboratorial

findings of TEMPI, including elevated erythropoietin and normal vascular endothelial growth factor level, allow

the diagnosis and distinction from POEMS syndrome. Significant decrease in erythropoietin level following

treatment suggests a role of erythropoietin in monitoring therapeutic response.
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TEMPI syndrome is a plasma cell dyscrasia with
paraneoplastic manifestations described in 2011 by
Sykes et al.1 It is defined by T—denoting telangiec-
tasias, E—denoting erythrocytosis with elevated
erythropoietin levels, M—denoting monoclonal
gammopathy, P—denoting perinephric fluid collec-
tions, and I— denoting intrapulmonary shunting. To
our knowledge, 11 patients have been identified.1–6

The mechanisms of disease and epidemiologic
findings, including prevalence, are unknown.

Significant clinical improvement has been observed
using a bortezomib-based regimen,2,6 and in one
case followed by autologous stem cell transplant.7

This therapy is similar to that recommended for
other plasma cell neoplasms.

Among the 11 patients reported, 8 underwent at
least one bone marrow biopsy prior to the diagnosis
of TEMPI. Indication for the procedure was to either
exclude polycythemia vera in the setting of unex-
plained erythrocytosis or to determine plasma cell
burden following abnormal serum protein electro-
phoresis. Bone marrow morphologic findings of
TEMPI, at diagnosis and post therapy, have not
been reported in detail.

This is the first detailed morphologic description
of histopathologic and clinical findings of a series of
TEMPI syndrome cases. This study aims to define

Correspondence: Dr FG Rosado, MD, Department of Pathology,
West Virginia University, Robert C. Byrd Health Sciences Center,
PO Box 9203, Morgantown, WV 26506-9203, USA.
E-mail: flaviarosado21@gmail.com
Received 24 June 2014; revised 15 July 2014; accepted 18 July
2014; published online 12 September 2014

Modern Pathology (2015) 28, 367–372

& 2015 USCAP, Inc. All rights reserved 0893-3952/15 $32.00 367

www.modernpathology.org

http://dx.doi.org/10.1038/modpathol.2014.117
mailto:flaviarosado21@gmail.com
http://www.modernpathology.org


histopathologic features that may aid in the diag-
nosis of future cases, and to identify post-therapy
changes.

Materials and methods

We obtained seven archival bone marrow specimens
from three patients, including two post-treatment
samples. Materials were obtained from the institu-
tions at which the diagnosis of TEMPI syndrome
was originally made. Institutional review board
approval for this study was sought and obtained
from each contributing institution. The material
comprised Wright–Giemsa-stained aspirate smears,
bone marrow trephine hematoxylin and eosin–
stained core biopsies, Prussian blue iron, and
reticulin special stains. The slides were indepen-
dently reviewed by at least two hematopathologists.
Specific pre- and post-treatment parameters were
assessed as follows: overall bone marrow cellularity;
quantities and morphologic features of erythrocytes,
granulocytes, megakaryocytes, plasma cells, and
lymphocytes; presence of fibrosis; and abnormalities
in bone trabeculae and sinuses. Clinical and demo-
graphic information and relevant radiological and
laboratorial data were obtained from collaborating
pathologists and/or oncologists, including complete
blood count values at time of biopsy, type of serum
paraprotein, serum erythropoietin levels, and other
pertinent ancillary studies including flow cytometry
and molecular genetic studies. Clinical findings of
two patients have been previously reported.1,6

Results

Patients (designated A, B, and C) were 36, 49, and 49
years old, respectively, at the time of diagnosis, and
comprised two females and one male (Table 1).
Erythrocytosis was initially present in all patients.
However, at time of diagnosis, patients A and C had
developed iron deficiency anemia while being

phlebotomized for a presumed diagnosis of poly-
cythemia vera. At time of diagnosis, erythropoietin
ranged from 4160 to 8144mU/ml (normal Epo: 2.6–
18.5mU/ml). Following chemotherapy in patient C,
erythropoietin level decreased to 1793mU/ml and
was 95.4mU/ml after autologous stem cell trans-
plant. All patients had IgG kappa light chain-
restricted plasma cells, identified by either immu-
nofixation and/or flow cytometry. Perinephric fluid
collections were identified incidentally in all pa-
tients. Abnormal intrapulmonary right-to-left intra-
venous shunting was detected by lung perfusion
studies. All patients developed venous thrombosis
as a complication, one of them while in clinical
disease remission (patient C).

Data from pertinent ancillary studies were ob-
tained. JAK2 V617F molecular genetic testing was
negative in all cases. Molecular genetic studies for
hereditary hemorrhagic telangiectasia and hemoglo-
bin oxygen affinity studies were negative in two
patients. Chromosome analysis performed on bone
marrow samples, including myeloma fluorescent
in situ hybridization panels, were normal in all
cases. Additional negative studies performed in all
patients included hemoglobin electrophoresis, beta
globin gene sequencing, serum vascular endothelial
growth factor levels, and von Hippel-Lindau gene
mutation analysis.

Bone marrow morphological findings are summar-
ized in Table 2. Erythroid hyperplasia in all patients,
combined with megakaryocytic hyperplasia in pa-
tients A and C, accounted for the increase in bone
marrow cellularity noted in all cases. No morpholo-
gic features of chronic myeloproliferative neoplasms
were identified. Specifically, none of the cases
showed characteristic megakaryocytic hyperchromia
or clustering, increased reticulin fibrosis, osteo-
sclerosis, or intrasinusoidal hematopoiesis that can
be seen in long standing polycythemia vera or other
myeloproliferative neoplasms. In patient A, the
increase in clonal plasma cells (18%) reached the
level of smoldering myeloma, whereas in patients B

Table 1 Clinical and laboratorial findings of 3 TEMPI cases

Patient A, Male B, Female C , Female

Age at diagnosis 49 36 49
Date of Biopsy Apr-08 Jun-11 Aug-05 Aug-10 Jul-12 Feb-13 Jul-13
Indication BM biopsy Confirm PV M-spike Confirm PV M-spike Confirm PV

M-spike
Follow-up post
chemotherapy

Follow-up post
transplant

Labs at time of biopsy
Hb (mg/dl) PV B 17 21.7 10 10.5 13.2 13.8
Ht (%) 44 51 64 35.8 43.4 49.1 48.2
MCV (fL) 64.4 NA 97.3 72.8 64.3 69.9 82.8
WBC (� 109/l) 6.7 5.9 9 9 7.9 7.7 9.2
Plt (�109/l) 525 289 275 803 332 195 281
SPEP/IF IgG kappa IgG kappa IgG kappa Negative
M-spike (g/dL) 0.89 0.78 0.27 0.68 1.8 0.4 NA
EPO (mU/ml) 5236 4160 6400 NR 8144 1793 95.4
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and C, plasma cells were at levels typically seen in
monoclonal gammopathy of undetermined signifi-
cance (o5%). Slight plasma cell atypia was noted in
all cases, with prominent vacuolization in patient A
(see Figure 1). Erythroid hyperplasia and moderate
atypia (frequent binucleation and nuclear blebbing),
as well as mild megakaryocytic atypia (occasional
monolobated forms), were seen in two of three pre-
treatment samples (Figure 1). Mild erythroid atypia
persisted in post-treatment samples. Non-paratrabe-
cular lymphoid aggregates were noted in pre and
post-treatment samples (patients B and C). These
contained small normal-appearing lymphocytes
without conspicuous association with any other cell
types, namely plasma cells or mast cells.

Significant clinical, laboratorial, and morphologic
improvement was observed following treatment in
the single patient treated with bortezomib and stem
cell transplant (patient C) included in this series.
The patient’s severe hypoxemia resolved, erythro-
poietin levels decreased, and bone marrow plasma
cell clones or monoclonal protein by serum protein
electrophoresis became undetectable.

Discussion

TEMPI syndrome is a newly described type of plasma
cell dyscrasia of unknown prevalence, pathogenesis,
and prognosis. To date, 11 patients have been
identified.1–6 During the course of pre-
paration of this manuscript, an additional patient
was reported,5 thus totaling five new patients since
the initial six cases described in 2011.1 It is certain
that more patients with undiagnosed TEMPI
syndrome exist and would benefit from a specific
diagnosis, as symptomatic improvement may be

achieved with a bortezomib-based regimen.2,6 In an
effort to better characterize this disease and improve
its recognition among pathologists and clinicians, we
undertook a detailed analysis of serial bone marrow
findings in patients with known TEMPI syndrome.

Our study shows that in these few cases, there are
no specific morphologic findings of TEMPI syn-
drome within the bone marrow. Unremarkable bone
marrow evaluations have also been described in
other cases of TEMPI syndrome.2–4 Slight atypia
noted in erythroid and megakaryocytes could be
attributed to either superimposed iron deficiency
anemia or to treatment effect. The pathologic find-
ings, albeit nonspecific, significantly differ from
chronic myeloproliferative neoplasms such as
polycythemia vera. Prominent plasma cell vacuoli-
zation was noted in one case (Patient A, Figure 1
and Table 2). This type of plasma cell vacuolization
has been previously described in glycogenosis8 and
m-heavy chain disease.9 The significance of this
finding in TEMPI syndrome is unknown.

TEMPI syndrome is best classified as a plasma cell
dyscrasia with accompanying paraneoplastic mani-
festations, similar to POEMS and Schnitzler syn-
dromes. Patients with POEMS syndrome (defined by
polyneuropathy, organomegaly, endocrinopathy,
M-protein, and skin abnormalities) may also present
with erythrocytosis,10 raising the differential diag-
nosis of TEMPI syndrome in certain circumstances.
In contrast to POEMS syndrome, in which vascular
endothelial growth factor is elevated,10 no increase
in vascular endothelial growth factor was seen in
cases described in this study and other cases of
TEMPI syndrome.4 Schnitzler syndrome is a rare
disorder characterized by monoclonal gammopathy,
urticarial rash, fever, arthritis, hepatosplenomegaly,
lymphadenopathy, and leukocytosis. In contrast

Table 2 Bone marrow morphologic findings of 3 TEMPI cases

Patient A, Male B, Female C , Female

Cellularity m 70% m 60% m 60-70% mm 60-80% mm80% B Normal Normal
Meg.
Qty m No clusters Normal Normal Normal m Normal Normal

Hyper Hypo Normal Normal Separate Hypo Normal
chromasia lobation Lobes lobation

Morph

Hypolobation
Gran.
Qty and Morph Normal Normal Normal Normal m Normal Normal

Erythr.
Qty m m m m m Normal Normal
Morph Binucleation Blebbing Normal Blebbing Normal Blebbing Blebbing

Plasma cells
Qty 7% 18% 4% 5% B 5% Normal Normal
Morph Binucleation Frequent

Vacuolization
NA Frayed cytoplasm

Binucleation
Enlarged Normal Normal

Lymph. Normal Normal Normal Multiple
aggregates

Normal Few aggregates Normal

Retic. 1 of 4 NA NA NA 1-2 of 4 NA NA
Iron Absent NA Decreased Absent Absent Absent Absent
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to TEMPI and POEMS syndromes, patients can
develop anemia of chronic inflammation, rather
than erythrocytosis.10,11 Although identification of

erythrocytosis can be valuable in the differential
diagnosis of these three entities, concurrent iron
deficiency in TEMPI syndrome masked the finding
of polycythemia in the cases described in this series.
Morphologically, the lymphoid aggregates noted in
this study of TEMPI were not rimmed by plasma
cells, in contrast with those aggregates seen in
POEMS.12 In Schnitzler syndrome, bone marrow
examinations are either normal or show polytypic
lymphocytic or plasmacytic infiltrates.13 The
clinical features of TEMPI, POEMS, and Schnitzler
syndromes are illustrated in Table 3.

The monoclonal paraprotein was identified as IgG
kappa in this study and in six of eight cases of
TEMPI syndrome.1,5,7 IgG lambda and IgA lambda
have been reported in one patient each.2,4 In POEMS
syndrome, lambda light chain predominates, and in
Schnitzler syndrome, almost all patients have an
IgM kappa paraprotein.12 In this study, plasma cell
burden reached 18% in patient A, and up to 15% in
one of the reported cases.2 The other two cases
(patients B and C) had plasma cell percentages at
levels of monoclonal gammopathy of undetermined
significance (o10%), similar to POEMS and
Schnitzler syndromes,13–15 and other previously
reported TEMPI cases.1,3–5 Although renal dysfunc-
tion has been described in one patient,4 none of the
patients with TEMPI syndrome fulfill criteria for
plasma cell myeloma.1–3,5,6

Erythropoietin levels are helpful in the differen-
tial diagnosis of TEMPI syndrome and other causes
of erythrocytosis. Erythropoietin levels in TEMPI
ranged from 78mU/ml to 8144mU/ml (median
500mU/ml) at presentation in 9 of 11 patients.1–7

Such elevated values are not seen in most erythro-
poietin-driven erythrocytoses, although levels as
high as 3000mU/ml have been noted in patients
with VHL mutations.16 Secondary erythrocytosis
(owing to hypoxemia or procedure such as
phlebotomy) typically elevates erythropoietin levels
to no greater than 30mU/ml.17 In polycythemia vera
or other primary erythrocytoses, erythropoietin is
low (average o3.3mU/ml). In TEMPI, erythro-
poietin levels are highest in patients with severe
oxygen dependent hypoxemia (in our study, patients
B and C) and at B100mU/ml in patients with mild
hypoxemia not requiring oxygen therapy.2,3

Erythrocytosis appears to be the initial clinical
manifestation of this disease, followed by the
slow progression to severe and debilitating hypox-
emia.1,6 Hypoxemia has been attributed to right–left
intrapulmonary shunting, although in our study,

Figure 1 Morphologic findings in TEMPI syndrome. Plasma cell
clusters showed prominent cytoplasmic vacuolization in patient
A (a), and frayed cytoplasm in patient B (b). All cases showed
erythroid hyperplasia and atypia, predominantly nuclear bleb-
bing (c), in the setting of superimposed iron deficiency anemia.
Features of chronic myeloproliferative neoplasms are not present,
specifically, no megakaryocyte clustering or atypia (d).
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associated iatrogenic iron deficiency anemia sec-
ondary to therapeutic phlebotomy for a presumed
diagnosis of polycythemia vera may have contrib-
uted to this symptom. In this study, the clinical
course of all patients was complicated by venous
thrombosis, which was also previously reported in
an additional patient.1 It has been suggested that the
perinephric collections of serous fluid seen in
TEMPI syndrome are related to malformation of
lymphatic vessels.4 Therapy directed against the
plasma cell clone has yielded excellent clinical
results, with resolution of hypoxemia,
normalization of red cell counts, and regression of
telangiectasias in three patients treated, as previously
reported.2,6,7 Morphologically, the single patient
treated in this study (patient C) had normalization
of bone marrow cellularity owing to resolution of
erythroid hyperplasia (Table 2). The morphologic
response is likely, at least in part, due to correction
of iatrogenic iron deficiency anemia with disconti-
nuation of phlebotomy. Mild erythroid atypia (pre-
dominantly nuclear blebbing) persisted in post-
therapy samples in patient C, which may have been
due to treatment effect. In addition, erythropoietin
levels decreased and plasma cell clonality became
undetectable by high-sensitivity flow cytometry. In
previously reported cases, erythropoietin levels also
decreased significantly after initiation of therapy.2,6

This may suggest a role of erythropoietin as a
potential marker of treatment response.

Although the pathogenesis of TEMPI syndrome is
unknown, the remarkable response seen with borte-
zomib-based regimens suggests a central role of the
plasma cell clone. It has been hypothesized that the
monoclonal protein may trigger the paraneoplastic
symptoms of TEMPI syndrome through immunolo-
gic mechanisms, and potential antigenic targets are
currently under investigation.6,7 Paraneoplastic ectopic
production of erythropoietin, similar to that seen in
other hematopoietic and solid malignancies,18

is an alternative hypothesis. However, increased
erythropoietin alone would not explain all of the
symptoms. Imaging studies in TEMPI syndrome
failed to identify a source of ectopic erythropoietin
production.2 Studies to elucidate disease mechanisms
performed in this series and in previous reports
have yielded negative or normal results.3,4

In summary, the diagnosis of TEMPI syndrome
should be considered when erythrocytosis and plasma
cell dyscrasia coexist. In this setting, determination of
erythropoietin levels can be helpful, as extremely

elevated serum erythropoietin is a peculiar manifesta-
tion of the disease. Upon confirmation of the
erythrocytosis, identification of a plasma cell clone,
in conjunction with findings of clinical examination
and imaging studies will allow for confirmation of the
diagnosis. Normal vascular endothelial growth factor
level and other clinical findings should allow the
distinction from POEMS and Schnitzler syndrome.
Establishing the diagnosis of TEMPI syndrome is
critical, as patients who are treated appropriately have
an indolent clinical course. However, patients who
remain undiagnosed may ultimately develop debilitat-
ing hypoxemia. Awareness of TEMPI syndrome and
its constellation of findings is important for patholo-
gists, who may examine bone marrow biopsies from
these patients at the time of presentation as part of
evaluation of a monoclonal protein and/or unex-
plained erythrocytosis, or following treatment to
assess for disease response.
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