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Parathyroid Hormone-Related Protein-Associated
Hypercalcemia in a Patient with CLL Type Low
Grade Leukemic B-Cell Lymphoma 

Humoral hypercalcemia of malignancy is a com-
mon metabolic disturbance associated with solid
tumors, but it also occurs in lymphoma patients.
Among these, low grade B-cell lymphoma accounts
for only few cases, in which secretion of parathy-
roid hormone-related protein (PTHrP) remains
even exceptional. We report the very rare case of a
patient with a CLL type low grade leukemic B-cell
lymphoma showing PTHrP-related hypercalcemia
without evidence of bone lesions. Using immuno-
histochemistry, we demonstrate the cytoplasmic
expression of PTHrP by the lymphoma cells in the
bone marrow obtained at the onset of hypercal-
cemia. We postulate a pathogenetic role of
leukemic cell production and secretion of PTHrP in
hypercalcemia in low grade leukemic B-cell lym-
phoma.
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Hypercalcemia is a common paraneoplastic syndrome
in patients with malignant diseases and is one of the
most serious metabolic disorders associated with cancer.
It may occur due to osteolytic metastases in some solid
tumors and on the other hand due to the secretion of
humoral factors (humoral hypercalcemia of malignancy,
HHM).1 Several solid tumors such as breast, non-small
cell lung, and renal cancer or advanced stage squamous
cell tumors of the head and neck or esophagus have been
described to lead to HHM, mainly by secretion of
parathyroid hormone-related protein (PTHrP).2,3

Furthermore, HHM is also associated with hematologic
malignancies: About 30% of myeloma patients present
with elevated serum calcium levels in the course of the
disease or at diagnosis. In adults with T-cell leukemia or
lymphoma HHM is diagnosed in up to 40% of cases. In
contrast, only up to 8.5% of patients with B-cell lym-
phoma (B-NHL) develop hypercalcemia.4 Apart from the
possible coincidence of primary hyperparathyroidism
with B-NHL – which has to be ruled out due to its inci-
dence of 3% in patients more than 50 years of age5 –
hypercalcemia is most likely to be mediated by 1,25-
dihydroxyvitamin D3 (calcitriol, 1,25(OH)2D3), which is
secreted from lymphoma-adjacent macrophages.6,7

However, PTHrP-related HHM in B-NHL has been
described in few case reports only8,9, again in contrast
with (human T-cell lymphotropic virus type 1-associated)
T-cell malignancies, in which PTHrP secretion con-
tributes to the majority of cases with hypercalcemia.10

Interestingly, with rare exemptions, the underlying B-
NHL usually is high or intermediate grade according to
the WHO classification. Only anecdotally, PTHrP-medi-
ated HHM associated with low grade B-NHL has been
described.11,12

Here, we report a patient with CLL type low grade
leukemic B-cell lymphoma presenting with symptomatic
hypercalcemia. On detection of elevated serum PTHrP
levels we aimed to directly attribute HHM to paraneo-
plastic synthesis of PTHrP by lymphoma cells. For this
purpose, we performed immunohistochemical examina-
tions of bone marrow specimens obtained at manifesta-
tion of the metabolic disorder and at diagnosis of the
underlying disease.

Case report
A 69-year-old caucasian male first presented with

thrombocytopenia, anemia, leukocytosis (96% lympho-
cytes), modest lymphadenopathy and moderate
splenomegaly in November 2002. 2% of cells in the
peripheral blood smear were microscopically determined
to be prolymphocytoid cells. Bone marrow smears
revealed 95% lymphocytic cells with prolymphocytes
and paraimmunoblasts, the latter together accounting for
up to 20% of bone marrow cells. Immunophenotyping of
the peripheral blood showed positivity of CD19, CD23,
CD27, and partially CD20 and CD11c, but negativity of
CD5, matching the differential diagnosis of lymphoplas-
mocytic lymphoma. Pathologists of the local German ref-
erence institute of lymph node pathology, however, diag-
nosed CD5- B-CLL with increased prolymphocyte num-
ber from the bone marrow biopsy. Lymphoplasmocytic
lymphoma was ruled out due to the diffuse rather than
nodular infiltration of the bone marrow, and the absence
of both plasmocytoid differentiation and cytoplasmic
immunoglobuline expression of the lymphoma cells,
marginal zone B-cell lymphoma due to both the cell mor-
phology and weak or partial expression of CD20 and
CD11c on the lymphoma cells obtained from peripheral
blood and the absence of cyclin D expression of lym-
phoma cells in the bone marrow. There was no clear evi-
dence of transformation into Richter’s syndrome from
the bone marrow biopsy. A lymph node biopsy was not
performed. Karyotype analysis revealed multiple aberra-
tions [45, X, -Y, del(1)(q32q42), ins(6)(q21),
dup(8)(q22q24), del(9)(q21), del(11)(q21q23)].
Retrospectively, the atypical morphological, immunohis-
tochemical, and immunophenotypical findings were
summarized to the diagnosis CLL type low grade
leukemic B-cell lymphoma. 

From January to March 2003 the patient received 3
courses of CHOP chemotherapy (cyclophosphamide, vin-
cristine, doxorubicin, prednisone), but transfusion-
dependent anemia and leukocytosis remained unaffected,
and thrombocytopenia only moderately improved. 2
courses of fludarabine and cyclophosphamide (FC) were
added after exclusion of autoimmune hemolytic anemia
(AIHA), which led to a partial remission.
Thrombocytopenia deteriorated only 4 months later, and
disease progression required treatment in February 2004.
Due to the coincidental development of AIHA, a combi-
nation of cyclophosphamide, mitoxantrone, and ritux-
imab was chosen. Because this regimen failed to achieve
a remission, therapy was changed to bendamustine and
rituximab which led to a good response. Low dose oral
prednisone was continually administered to control
AIHA. Some weeks later, a severe pneumonia resistant to
antibacterial therapy and equivocal of pulmonary myco-
sis was treated with itraconazole. On detection of CMV
DNA in the bronchoscopy and positivity of serum pp65
antigen, additional therapy with ganciclovir and later fos-
cavir was necessary. Partial response of the lymphoma
remained stable until 6 months later, he presented again
with symptomatic thrombocytopenia and pulmonary
lesions equivocal of a manifestation of the lymphoma. A
lung biopsy histologically revealed necrotic tissue, but
microbiological examination of the material did not yield
any evidence for infectious disease as e. g. invasive myco-
sis or mycobacterial infection. 2 courses of bendamustine
were given, and after a period of only 3 months disease
progression again required a change of therapy to ifos-
famide, etoposide, and epirubicin (IVE), but the regimen
failed to induce a response. Finally, in April 2005 the
patient presented with asymptomatic hypercalcemia for



the first time. Bendamustine, rituximab, and bisphospho-
nate therapy with pamidronic acid (3-amino-1-hydrox-
ypropylidene-diphosphonic acid) returned serum calcium
levels to normal ranges. Scintigraphy of the skeleton and
osteodensitometry did not reveal either osteolytic lesions
or osteopenia. A bone marrow biopsy confirmed the ini-
tial diagnosis, again without clear evidence of transfor-
mation into Richter’s syndrome. A biopsy of a lymph
node was refused by the patient. Pneumonia caused by
oxacilline-resistant Staphylococcus aureus (ORSA) was suc-
cessfully treated in May 2005. The final admission in
June 2005 was again due to disease progression-associat-
ed hypercalcemia (4.7 mmol/L) with neurological symp-
toms and typical electrocardiographic (ECG) findings.
Prolymphocytes in the peripheral blood did not exceed
the percentage detected at diagnosis. Serum intact PTH
levels were markedly suppressed (5.9 pg/mL). Serum 25-
hydroxyvitamin D3 (25(OH)D3) and 1,25(OH)2D3 levels
were within low normal ranges (10.5 ng/mL and 47
pg/mL, respectively). However, serum PTHrP was 10fold
elevated to 13.0 pmol/L. Intravenous hydration,
furosemide, and pamidronic acid were administered.
Intermediate dose prednisone was added for a minimum
control of the underlying disease and reduction of intes-
tinal calcium absorption. Neurological symptoms
resolved and ECG abnormalities disappeared, but serum
calcium levels did not improve sufficiently despite repeat-
ed pamidronic acid infusions. The patient was discharged
some days after a final application of zolendronic acid ([1-
hydroxy-2-(imidazole-1-yl)ethylidene]diphosphonic acid)
and died at home few days later. Relevant laboratory
findings are shown in Table 1.

Materials and Methods
Serum PTHrP was measured in a standard immunolu-

minescence assay (ILMA). Serum intact PTH and
25(OH)D3 levels were determined by standard chemolu-
minescence immunoassays (CLIA), 1,25(OH)2D3 was
measured in a radioimmunoassay (RIA). 

For immunohistochemical detection of PTHrP, bone
marrow slides were deparafinized with xylol. Xylol was
washed out with alcohol in serial dilutions.
Immunoepitope retrieval was performed in 10 mM cit-
rate buffer in a microwave oven. After triton permeabi-

lization, tissue sections were incubated with PTHrP poly-
clonal rabbit antiserum (Abcam, www.abcam.com),
directed against N-terminal PTHrP, at a concentration of
3 µg/mL overnight at 4°C. After rinsing in PBS, slides
were blocked with 3% normal goat serum. Primary anti-
body was detected with DAKO Envision® labelled poly-
mer-AP Fast Red System (Dakocytomation, Denmark)
according to the manufacturer’s protocol. Cells were
counterstained with hematoxylin (Dakocytomation,
Denmark). Negative controls were performed using the
DAKO Envision® labelled polymer-AP Fast Red System
without prior incubation with PTHrP antiserum  

Pictures were created using a Nikon Eclipse TE 2,000-
U microscope, a Nikon DXM 1,200 camera, and the
Nikon ACT-1 V.2.12 software  

Results and Discussion
The immunohistochemical finding of prominent cyto-

plasmic expression of PTHrP in the leukemic cells in the
bone marrow specimens obtained at the onset of hyper-
calcemia strongly supports the assumption that secretion
of PTHrP by the lymphoma cells was responsible for the
metabolic disturbance in our patient. Normal serum cal-
cium levels measured at diagnosis of the lymphoma coin-
cided with the lack of PTHrP expression by lymphoma
cells in a bone marrow specimen obtained at that time
point (data not shown). Histological and immunohisto-
chemical findings are illustrated in Figure 1 

In contrast to solid tumor diseases and T-cell malignan-
cies, HHM is a rare complication in B-NHL. While occur-
rence in high or intermediate grade B-NHL has been
reported to be up to 8.5% of cases,4 this paraneoplastic
syndrome turns out to be very rare in low grade B-cell
lymphoma: In one patient with cleaved cell B-NHL,
HHM was described, but the mediator of hypercalcemia
was not identified, possibly because only intact PTH and
1,25(OH)2D3 serum levels were measured, but PTHrP lev-
els were not.13 In another report,11,2 patients with low
grade B-NHL were described to have developed HHM,
but only one of them was confirmed to have low grade
B-NHL at the onset of hypercalcemia. The second one
showed transformation into Richter’s syndrome when
elevated serum calcium levels were first detected. In none
of the 2 cases mentioned, serum levels of potential medi-
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Table 1. Relevant laboratory data of the patient during the course of the disease.

normal value November April June 20 June 25 June 30 July
2002 2005 2005 2005 2005 2005

lLeukocytes [G/L] 5.0 - 10.0 81.7 45.0 16.8 26.0 44.1 91.5
Lymphocytes [%] 25 - 40 96 89 70 80 79 75
Prolymphocytes [%] 0 2 7 2 3 2 2
Hemoglobin [g/dL] 14.0 - 18.0 11.0 10.7 9.0 11.1 9.3 10.1
Thrombocytes [G/L] 150 - 450 44 15 6 6 31 14
Creatinine [mg/dL] 0.5 - 1.1 1.1 1.2 1.9 1.7 1.2 1.3
LDH [U/L] 135 - 225 367 356 250 255 272 175
CRP [mg/dL] 0.0 - 0.5 2.01 2.97 9.35 6.57 3.59 0.52
sodium [mmol/L] 135 - 145 140 136 142 143 141 137
potassium [mmol/L] 3.5 - 5.0 4.6 4.1 4.3 4.0 4.3 4.1
calcium [mmol/L] 2.0 - 2.7 2.3 3.3 4.7 3.7 4.0 3.5
ALP [U/L] 40 - 129 118 153 287 308 244 200
PTHrP [pmol/L] 0.0 - 1.3 13.0
PTH [pg/mL] 12.0 - 72.0 5.9
25(OH)D3 [ng/mL] 6.5 - 54.8 10.5
1,25(OH)2D3 [pg/mL] 35 - 80 47

LDH: lactic dehydrogenase, CRP: C-reactive protein, ALP: alkaline phosphatase, PTHrP: parathyroid hormone-related protein, PTH: parathyroid hormone, 25(OH)D3: 25-hydroxy-vitamin D3, 1,25(OH)2D3:
1,25-dihydroxy-vitamin D3.



ators of HHM were examined. Finally, sporadic reports of
hypercalcemia associated with B-CLL are known.12,14,15,16

In one case, PTHrP involvement was documented by
Northern Blot analysis of PTHrP mRNA expression in
lymph node and organ tumor samples.12 This patient,
however, presented with osteolytic bone lesions that
were attributed to the underlying disease and at least
equivocal of originating hypercalcemia by direct bone
destruction. In a different B-CLL patient, transformation
into PLL coincided with the increase of serum calcium
levels,14 but a mediator of hypercalcemia was not discov-
ered. In one case, both osteolytic lesions and immunohis-
tochemical detection of PTHrP expression were report-
ed.15 Finally, in one out of 8 patients with typical B-CLL
and hypercalcemia, elevated serum PTHrP levels and
PTHrP expression by leukemic cells were correlated.16

In the patient presented here, recurrent increases in
serum calcium levels were detected when progressive

leukocytosis indicated disease progression. However,
from the time of diagnosis to the final admission, there
was no evidence of transformation into Richter’s syn-
drome nor did the percentage of prolymphocytoid cells in
the peripheral blood increase to numbers resembling a
progression into a prolymphocytoid leukemia-like state
of the CLL type low grade leukemic B-cell lymphoma. In
contrast with reports about lymphoma patients present-
ing with hypercalcemia and radiologic evidence of bone
destruction12,15,17, osteolytic bone lesions or osteopenia
were excluded in our patient.

In conclusion, we present a very rare case of PTHrP-
associated HHM in a patient with CLL type leukemic low
grade lymphoma. We provide strong evidence for the cor-
relation between synthesis and secretion of PTHrP by the
malignant cells and the metabolic disorder. We believe
that analysis of serum PTHrP concentrations may be
helpful for differential diagnosis of hypercalcemia in
patients with low grade B-cell lymphoma and postulate a
pathogenetic role of leukemic cell production and secre-
tion of PTHrP in hypercalcemia in these cases.
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Figure 1. Bone marrow specimens from the presented patient
obtained at first manifestation of hypercalcemia. A and B:
Hematoxylin-eosin (H&E) staining (magnification 400* in A and
600* in B) showing an almost complete infiltration with small
lymphoid cells and groups of prolymphocytoid cells with promi-
nent nucleoli (arrow in B). C and D: Immunohistochemical stain-
ing showing strong positivity of CD23 (magnification 400* in C
and 600* in D). E and F: Immunohistochemistry with anti-PTHrP
antibody (magnification 400* in E and 600* in F), demonstrating
cytoplasmic expression of PTHrP by the leukemic cells. G and H:
Negative control (DAKO Envision® labelled polymer-AP Fast Red
System) without addition of PTHrP antiserum. Pictures were cre-
ated using a Nikon Eclipse TE 2,000-U microscope, a Nikon DXM
1,200 camera, and the Nikon ACT-1 V.2.12 software  
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