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Abstract
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The overall aim of this thesis is to improve knowledge about the prevention of infectious and
bleeding complications in patients with hematological malignancies, primarily in those with
chronic lymphocytic leukemia (CLL) and myelodysplatic syndrome (MDS).

Hypogammaglobulinemia, impaired production of immunoglobulins (Ig), is an established
risk factor for infection, but the impact of IgG pure subclass deficiency (IgG subclass deficiency
with adequate production of IgG, IgA, and IgM) has been debated. In a retrospective single
institution study, we concluded that pure IgG subclass deficiency in CLL patients is rare and
is not associated with an increased risk of infection. Hence, routine analysis of IgG subclasses
in patients with CLL is not warranted.

There is no consensus on recommending vaccination against Streptococcus pneumoniae to
CLL patients mainly because comparative studies are lacking. In our randomized trial, the
efficacy of a conjugated pneumococcal vaccine on immune response was superior or equal
to a polysaccharide vaccine for all pneumococcal serotypes common for the two vaccines.
A conjugate pneumococcal vaccine should therefore be included in vaccination programs for
patients with CLL.

Bronchoalveolar lavage (BAL) is a well-established invasive method to identify the cause
of pulmonary infiltrates in immunocompromised patients. In a retrospective trial, we have
studied the diagnostic yield of BAL in patients with hematological malignancies. We concluded
that BAL is highly useful in either verifying or excluding some of the important respiratory
tract infections affecting these patients, particularly invasive pulmonary aspergillosis (IPA) and
Pneumocystis jirovecii pneumonia (PJP). However, standardized procedures for BAL sampling
should be continually revised to avoid unnecessary microbiological tests.

Thrombocytopenia, an adverse prognostic factor in patients with MDS, can be aggravated
by azacitidine, first-line treatment for high-risk MDS. Eltrombopag, a thrombopoietin-receptor
agonist (TPO-R), alleviates thrombocytopenia in patients with immune thrombocytopenic
purpura (ITP). In a phase I clinical trial, we concluded that the combination of eltrombopag and
azacitidine in high-risk MDS patients with thrombocytopenia is feasible and well tolerated in
doses up to 200 mg eltrombopag daily.
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Introduction

Hematological malignancies

Hematological malignancies are a group of heterogeneous diseases with
varying clinical pictures and prognoses that have in common a clonal expan-
sion of immature malignant hematopoietic cells. Infiltrated by the expanding
malignant clone, the bone marrow (BM) fails to produce sufficient blood
cells, leading to anemia, leukopenia, and thrombocytopenia, key features of
most hematological malignancies. Furthermore, chemotherapy and other
treatments may lead to a temporarily worsening of BM failure as well as
suppression of the immune system. Anemia, low red blood cell (RBC) count,
causes fatigue and can be treated with RBC transfusions or erythropoietin-
stimulating agents (ESA). Neutropenia can, in many cases, be shortened
using granulocyte colony stimulating factors (G-CSF), and patients with
severe thrombocytopenia can benefit from platelet transfusions (1-6).

Infectious complications in hematological malignancies

A clinical challenge for hematologists is the increased risk of infection seen
to varying degrees in patients with hematological malignancies. The etiology
behind this is multifactorial; neutropenia, particularly if severe and sus-
tained, predisposing to serious and even lethal infections, is commonly tem-
porarily aggravated after treatment with cytostatic agents. Patients with se-
vere neutropenia, an absolute neutrophil count (ANC) below 0.5 x 10°/L,
frequently suffer from bacterial infections causing febrile neutropenia, the
most common clinical presentation. Invasive procedures (e.g., the frequent
use of central venous lines) add to this vulnerability. Chemotherapy as well
as certain immunotoxic drugs, also leads to an increased susceptibility to
infection through damaging of T-cells and mucous membranes (7-10). In
particular, allogeneic stem cell transplantation (allo SCT) is associated with
an extended period of immunodeficiency because of a slow immunological
reconstitution. Sustained decrease in immune response predisposes patients
to opportunistic infections such as Cytomegalovirus (CMV), Epstein Barr
virus (EBV) and Aspergillosis, and other fungal infections (9, 11-13). Hy-
pogammaglobulinemia, serum levels of immunoglobulins below normal



values, is a well-known immune defect in this patient group, especially in
patients with B-cell malignancies (14-17).

Chronic Lymphocytic Leukemia

CLL is characterized by clonal proliferation and the accumulation of neo-
plastic B-cells with prolonged survival and resistance to apoptosis. The di-
agnosis of CLL requires at least 5 x 10° monoclonal lymphocytes/L in pe-
ripheral blood (PB) in consecutive tests over at least three months and a typ-
ical immunophenotype by flow cytometry. The incidence is 4-7/100 000,
making it the most common form of leukemia in the western world, compris-
ing about 30% of all new cases (18-22). The disease, which primarily affects
elderly people, is heterogeneous, and prognosis and treatment differ widely
between patients. New cases are often diagnosed when the disease is still
indolent and those patients are monitored rather than treated. The criteria for
initiating treatment are anemia and/or thrombocytopenia caused by BM fail-
ure, progressive lymphocytosis and massive or progressive spleen and/or
lymph nodes, and B symptoms such as weight loss, fatigue, fever, and/or
night sweats (20, 23-26). CLL is associated with an increased risk of infec-
tion, which is a major cause of morbidity and mortality in these patients.
Reasons for this include T- and NK-cell dysfunction, complement defects,
defective granulocyte function and neutro-/monocytopenia, and hypogam-
maglobulinemia. Short- and long-term side effects of treatment with chemo-
immunotherapy and new, targeted agents may further increase susceptibility
to infection (18, 27-29).

Hypogammaglobulinemia and IgG subclass deficiency in CLL

Hypogammaglobulinemia (serum levels of immunoglobulins (Ig) A, G,
and/or M below normal values) is common in CLL. The reason for this is an
inability to produce adequate immunoglobulins due to lack of functional B-
cells. Any combination of Ig deficiency may occur. The reported incidence
of hypogammaglobulinemia in newly diagnosed and untreated CLL patients
varies from 10% to 45%, but is increasing over time, leading to a reported
prevalence of up to 50% to 70% in unselected patient materials. Although
the association between serum levels of particularly IgG below normal range
and a predisposition to infectious complications is established, hypogam-
maglobulinemia has never been shown to be an independent risk factor for
an unfavorable long-term outcome (15, 30-35).

Subclasses 1gG1, [gG2, IgG3, and IgG4 account for 60-65%, 20-25%, 5—
10%, and 3—6% of the total amount of IgG (36), and patients with CLL gen-
erally have lower IgG subclass levels than healthy controls (31, 37, 38) (Ta-
ble 1). The differences in function of the four subclasses are not fully under-
stood, but they show considerable differences in their bioactivities. [gG2, for
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instance, dominates in the defense against capsulated bacteria such as Strep-
tococcus pneumoniae. 1gG1l and IgG3 predominantly respond to protein
antigens such as viruses, and IgG4, the least abundant in serum, has recently
become the topic of intense interest as it is linked to so called IgG4 related
diseases (IgG4-RD) affecting organs such as pancreas and the salivary
glands (39-42). It is not known whether pure IgG subclass deficiency (IgG,
IgA, and IgM within normal range) leads to an increased risk of infectious
complications in CLL patients.

In patients with CLL-associated hypogammaglobulinemia and repeated
episodes of severe infection, the clinical value of substituting intravenous
immunoglobulin (IVIg), which consists mainly of IgG pooled from donated
plasma, is well documented, although its use in clinical practice varies be-
tween centers. It is important to remember that recommendations are based
on studies that date from the 1980s and 1990s, long before modern CLL
therapies were available (14-16, 33, 43-45). There is no consensus on
whether individuals with pure IgG subclass deficiency should receive IVIg.
Consequently, serum levels of immunoglobulins (i.e., IgG, IgA, and IgM)
are routinely analyzed in clinical practice, whereas serum levels of the sub-
classes of IgG usually are not (18, 46).

Table 1. Incidence of IgG subclass deficiency in patients with CLL

Reference Patient population = Outcomes

Copsonetal. 9 unselected CLL Total IgG, IgG3, and IgG4 were lower

(38) patients (2 previous- than in healthy controls. No difference
ly treated) compared was seen in IgG1 and IgG2 between the
to 9 healthy controls  two groups.

Lacombe et 52 unselected CLL Total IgG, IgG1, IgG2, and IgG3 under
al. (37) patients (13 previ- lower normal value in 39%, 39%, 19%,
ously untreated) and 21% of the patients, respectively.
All possible combinations of IgG sub-
class and Ig class deficiencies were
observed.

Freeman et 150 unselected CLL Total IgG, IgG1, 1gG2, IgG3, and 1gG4

al. (31) patients under lower normal value in 27%, 28%,
19%, 52%, and 23% of the patients,
respectively.
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Vaccination in CLL

Vaccination is a straightforward option in raising specific immunity and
reducing infections. However, patients with CLL and other B-cell malignan-
cies are known to respond poorly to traditional polysaccharide vaccines, with
immunization response rates in unselected CLL patients varying from 0 to
22% in different studies (12, 15, 47-52). The reasons for this are multifacto-
rial, but impaired humoral immunity (inadequate production of specific anti-
bodies after vaccination due to a lack of functional B-cells) and defects in T-
cells and the complement system are crucial. The response rate to vaccina-
tion has been shown to be better in an early stage of the disease, when the
immune system is less affected, and before treatment has been initiated (12,
48,49, 53-57).

Conjugation of polysaccharide protein carriers (so-called protein-
conjugate vaccines [PCVs]) renders a thymus-dependent, memory-inducing,
more immunogenic vaccine (53, 58-60). Although poorly investigated, con-
jugate vaccines may, according to a few studies, render a higher immune
response than polysaccharide vaccines in patients with CLL (47, 48, 53, 56,
57).

Infections caused by Streptococcus pneumoniae are a major cause of
morbidity and mortality in CLL patients, making its prevention essential (47,
55, 58, 61). More than 90 serotypes of S. preumoniae have been identified,
but the vast majority of human disease is caused by fewer than 30. Modern
PCVs cover 13 pneumococcal serotypes (PCV13), whereas the polysaccha-
ride vaccine (PPSV23) covers 23 different ones (61, 62). Protein-conjugate
pneumococcal vaccines were first approved for infants and immunodeficient
patients but are now also administered to the elderly. Their superior efficacy
over polysaccharide vaccines is well established in children and they are
globally recommended for routine childhood immunization. PCVs have
dramatically decreased the incidence of invasive pneumococcal disease, but
a shift in the distribution of disease causing serotypes has followed (59, 60,
62-68). In patients with CLL, randomized studies comparing the two differ-
ent types of pneumococcal vaccines are lacking, and consequently there is
no consensus on vaccination recommendations (53, 69).

Pulmonary infection in hematological malignancies

The range of pathogenic microorganisms causing pulmonary infections in
patients treated for hematological malignancies, in particular those undergo-
ing allo SCT, is broad and includes such opportunistic microorganisms as
Aspergillus spp., Candida spp., Mycobacterium spp., Pneumocystis jirovesii,
and respiratory viruses (70-74). In patients with severe neutropenia related to
hematological disease or its treatment, 40% to 60% develop pulmonary infil-
trates (71, 75, 76), and pneumonia is the primary cause of mortality not di-
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rectly related to the hematological malignancy itself. However, in the ma-
jority of these cases the causative pathogen remains undetected (73, 74, 77,
78). Although computer tomography (CT) chest scan is a highly sensitive
method, its results are often not specific due to a decreased inflammatory
response and similarities in findings caused by different types of atypical
pneumonias (71, 75, 76).

Broncho alveolar lavage

Broncho alveolar lavage (BAL) is a well-established diagnostic method for
identifying the causative microorganism in patients with respiratory symp-
toms and pulmonary infiltrates. In the procedure, which is usually performed
by a pulmonologist, a flexible bronchoscope is passed through the mouth
into the bronchial tree. Fluid is squirted into a small part of the lung and then
collected for examination (Figure 1). A protected specimen brush (PSB) can
be used to obtain a more representative sample material. Infrequent but seri-
ous complications include bleeding and pneumothorax and respiratory fail-
ure, but procedure-related mortality is nevertheless extremely rare. Microbi-
ological tests often based on samples collected from BAL include cultures
for bacteria (including mycobacteria) and fungi, polymerase chain reaction
(PCR) analyses for Aspergillus spp., CMV, Legionella spp., respiratory vi-
ruses, mycobacteria, and Pneumocystis jirovecii, and immunofluorescence
for Pneumocystis jirovecii (71, 79, 80).

The diagnostic yield from BAL in patients with hematological malignan-
cies varies from 15% to 90% in different studies and subpopulations (71, 75-
77, 81-83); the earlier the investigation after symptom onset, the greater the
likelihood of finding the causative pathogen (72, 81). Non-invasive methods
for diagnosing respiratory infections such as invasive fungal disease (IFD)
are under constant improvement and invasive methods such as BAL need to
be continually re-evaluated (70, 84-88).
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Figure 1. lllustration of the BAL procedure, courtesy of OLYMPUS

Bleeding and thrombocytopenia in hematological
malignancies

Thrombocytopenia (i.e., low platelet levels) is a significant manifestation of
many hematological malignancies and can be further aggravated by chemo-
immunotherapy. Thrombocytopenia leads to increased risk of bleeding and
can, in severe cases, be life-threatening. It is commonly treated and/or pre-
vented by platelet transfusions (2, 5, 89).

Myelodysplastic syndromes

Myelodysplastic syndromes (MDSs) are a heterogeneous group of clonal
hematological malignancies characterized by ineffective hematopoiesis,
progressive BM failure, and an increased risk of transformation to acute
myeloid leukemia (AML). Prognosis is estimated on the International Prog-
nostic Scoring System (IPSS). Patients with high-risk MDS (IPSS Int-2 and

14



high-risk) constitute one third of newly diagnosed MDS patients and have
very poor prognoses, with a median overall survival of 0.4 to 1.2 years,
whereas patients with low-risk MDS (IPSS Low and Int-1) have a better
prognosis with a median overall survival of 3.5 to 5.7 years (90-93). A re-
vised prognostic scoring system (IPSS-R) introduced in 2012 attributes a
higher impact to cytogenetic aberrations (94). The recent introduction of
next generation sequencing (NGS) in the diagnostic work-up of MDS has
improved our understanding of the disease and is expected to further refine
the prognostic scoring system (95).

Patients with high-risk MDS not eligible for the only curative treatment
modality, induction chemotherapy and allo SCT (96, 97), are usually treated
with the hypomethylating agents azacitidine (Aza) or decitabin, that have
been shown to prolong overall survival, reduce the risk of leukemic trans-
formation, and improve quality of life (98-101). Low-risk MDS can be treat-
ed with blood transfusions (and subsequent iron chelation therapy to reduce
iron overload), ESA, and G-CSF (102-104).

Thrombocytopenia in MDS

Thrombocytopenia is a significant clinical manifestation of MDS and an
independent adverse risk factor for survival. The mechanisms of thrombocy-
topenia in MDS have yet to be fully elucidated, but suppression of megakar-
yocytic differentiation by inhibitory cytokines, enhanced apoptosis, and de-
fective responses to growth factors are postulated to be responsible. In-
creased platelet consumption, through immune and nonimmune mechanisms,
has also been reported in MDS (89, 105, 106). Complications secondary to
thrombocytopenia contribute to significant morbidity and mortality. Lethal
hemorrhagic complications occur in 14% to 24% of cases (105-107). Fur-
thermore, thrombocytopenia can deteriorate during treatment with chemo-
therapy or hypomethylating agents. In the pivotal randomized studies with
Aza, severe (Grade 3—4) thrombocytopenia was reported in up to 85% of
patients, and prolonged thrombocytopenia was the main cause of Aza dose
reductions, treatment delays, or discontinuation (89, 98, 99). Currently,
platelet transfusions are the only reliable option for severe and symptomatic
thrombocytopenia in MDS. However, this provides only transient benefit
and is limited by allo-immunization, high costs, limited availability, and
(although uncommon) infectious complications (89, 105-107).

Thrombopoietic stimulating agents

Thrombopoietin-receptor (TPO-R, also known as c-MPL) agonists are avail-
able in clinical practice, approved mainly for the second- or third-line treat-
ment of thrombocytopenia in patients with chronic immune thrombocytope-
nia (ITP). Two TPO-R agonists both lead to increased platelet production,
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but with different modes of action: romiplostim is a subcutaneously adminis-
tered peptibody that directly activates the c-MPL and eltrombopag is an oral-
ly administered non-peptide small-molecule that binds to the transmembrane
region of c-MPL activating downstream signaling pathways (Figure 2) (89,
108-114). Their safety and efficacy in alleviating thrombocytopenia in pa-
tients with other hematological malignancies, including MDS, is not clear.
Romiplostim has been shown to increase platelet counts and decrease the
need for platelet transfusions in thrombocytopenic MDS patients. However,
one study, evaluating the effect of romiplostim in low-risk MDS patients,
showed a trend toward disease progression to AML and was stopped prema-
turely. Although this finding could not be confirmed on long-time follow-up,
it has prevented further studies. In contrast, no connection between eltrom-
bopag and premature transformation to AML has been shown. The few stud-
ies that have evaluated eltrombopag as monotherapy and as concomitant
treatment with chemotherapy in patients with AML and MDS are summa-
rized in Table 2 (89, 108, 115-118).

= thrombopoietin

romiplostim i receptor bt eltrombopag %
AN P4 Nt
inactive receptor —s — <+—— active receptor
Cell membrane .
| & e GRe2 >
$ O 0 RAS/RAF
~A A s0S
> A
14 T
Cytoplasm Q MAPKK

Anti-apoptosis

/ pathways
puﬁ;/

Signal Transduction

Increased platelet production

Figure 2. TPO-R agonist mechanism of action. Romiplostim and eltrombopag bind
the TPO-R at different sites. Romiplostim binds the TPO-R at the same distal cyto-
kine homology region as TPO and eltrombopag binds in the transmembrane region,
courtesy of Best Practice & Research Clinical Haematology
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Table 2. Summary of eltrombopag clinical trials

Reference Number of pa- Interventions Outcomes
tients
Mittelman 17 patients with Single arm During eltrombopag
etal. (119) IPSS intermediate-  study of el- treatment, a reduction
2 or high-risk MDS  trombopag in in need for platelet
and AML dose escalation  transfusions was seen
from 100 to in 59% of the patients
300 mg every and a platelet response
two weeks was observed in 24%.
No change in BM-blast
count after initiation of
eltrombopag treatment
was observed.
Oliva et al. 90 patients with Patients were With a median follow-
(120) IPSS low or inter- randomized 2:1 up time of 11 weeks, a
mediate-1 risk to eltrombopag  platelet response was
MDS with throm- (dose escala- seen in 47% of the pa-
bocytopenia tion from 50 to  tients in the eltrom-
<30x10%/L 300 mg every bopag group versus 3%
two weeks) or in the placebo group.
placebo for at There were more bleed-
least 24 weeks ing events in the place-
and until dis- bo arm (42%) than in
ease progres- the eltrombopag arm
sion (14%). No difference in
the incidence of AEs or
in AML progression was
observed.
Platzbecker 98 patients with Patients were 38% percent in the
etal. (121) advanced MDS or randomized 2:1 eltrombopag group

AML ineligible for
anti-leukemic
therapy with
thrombocytopenia
<30 x 109/1

to eltrombopag
(dose escala-
tion from 50 to
300 mg every
two weeks until
platelet re-
sponse) for 6
months.

achieved platelet trans-
fusion independence
for = 8 weeks vs. 21%
in the placebo group.
Severe hemorrhages (=
Grade 3) were also less
frequent in the eltrom-
bopag group, although
not statistically signifi-
cant. No increase in BM
blasts was seen in the
eltrombopag arm.
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The hematopoietic stem cell and MDS

It is well established that normal hematopoietic stem cells (HSCs) are the top
of the hierarchy of the hematopoiesis and have the capacity for self-renewal
and multilineage differentiation (122, 123). They are characteristically qui-
escent and reside in the BM, but can enter cell cycle when needed (123).
There is substantial evidence that a similar hierarchy is applicable in cancer
development, the cancer HSC being the obvious target for cancer treatment
(124).

Thrombopoietin (TPO) has a critical role in the maintenance, expansion,
and cycling of normal HSCs (125-127). The effects of TPO-R stimulation in
patients with MDS and other myeloid malignancies are mostly unknown.
TPO-R agonists may have positive effects such as tumor inhibition and, by
inducing the cancer HSCs to enter cell cycle, making them more vulnerable
to chemotherapy, but they may also stimulate malignant proliferation. It is
therefore essential to study the impact of all TPO-R agonists on primitive
BM populations. The direct effects of eltrombopag on the hematopoietic
stem and progenitor cells (HSPCs) of patients with MDS is largely un-
known; however, studies on cell lines have shown that it inhibits the prolif-
eration of leukemic cells, probably through a TPO-R independent mecha-
nism (128-132).
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Aims

The overall aims of this thesis are to improve our knowledge of preventing
infectious and bleeding complications in patients with hematological malig-
nancies, primarily in patients with CLL and MDS. The specific aims of the
studies:

To assess the prevalence of IgG subclass deficiency and its correlation to
increased risk of infectious complications in patients with CLL and to
investigate the clinical value of routine measurement of serum IgG sub-
class levels.

To determine whether immune response in patients with CLL improves
more from vaccination with a 13-valent conjugated pneumococcal vac-
cine, Prevenar13 (PCV13), than with a conventional 23-valent capsular
polysaccharide vaccine (PPSV23).

To investigate the diagnostic yield and clinical value of BAL in patients
with hematological malignancies and suspected pulmonary infection.

To explore the safety and tolerability of combining eltrombopag with
Aza as a means of alleviating thrombocytopenia in patients with MDS
and to assess the potential effects of eltrombopag on HSPCs.
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Methods

This section provides a summary of the experimental methods used in this
thesis; for further details see the respective Papers I-1V.

Paper I

At a given point in 2011 all adult patients (n = 202) at the Uppsala Universi-
ty Hospital with a CLL diagnosis, regardless of the time since their diagnosis
or previous CLL treatment (if any), were identified through local patient
registers and asked to participate in the study. Serum levels of Ig and IgG
subclasses from 146 of these patients were analyzed after informed consent
was obtained. Patients’ records and questionnaires were retrospectively re-
viewed for their frequency and types of infection.

Serum levels of Ig were analyzed with capillary electrophoresis and IgG
subclasses (IgG1, IgG2 and 1gG3) were analyzed with kinetic nephelometry
(133). Hypogammaglobulinemia and IgG subclass deficiency were defined
as values below normal range as per definition by the Uppsala University
Hospital laboratory. Pure subclass deficiency was defined as subclass defi-
ciency of IgG without hypogammaglobulinemia (total IgG, IgA, and IgM
within normal range).

All infectious episodes since the diagnosis of CLL that required treatment
of any kind (antibiotics, antimycotics or antiviral therapy) were recorded,
whereas minor infections such as common colds were not. Infections were
grouped as (1) all infections (any type of infection requiring treatment), (2)
severe infections (requiring inpatient treatment), and (3) sepsis (severe infec-
tion with microbiologically verified bacteremia). Important disease-related
factors, and factors possibly associated with an increased risk of infection
were extracted from the records; these included age, gender, stage of disease
at diagnosis, duration of CLL, previous treatment for CLL, and allo-SCT.

Statistical analyses of event rates were performed using an adjusted Pois-
son regression model. In the comparison of baseline characteristics between
groups, Wilcoxon rank-sum test was used for continuous variables and Fish-
er exact test for categorical variables.

20



Paper 11

In this randomized, non-blinded trial, 128 treatment naive CLL patients from
eight hematology clinics in Sweden were randomized with equal probability
to receive vaccination with PCV13 (n = 63) or PPSV23 (n = 65) (Figure 3).
Patients were stratified by IgG levels and CLL stage (using the Rai clinical
staging system), because of expectation of a lower immunization response in
patients with low serum IgG levels and clinically advanced disease. Major
exclusion criteria were intention to start CLL treatment within one month,
other malignancies, allergic reaction to vaccines in the past, neutropenia
(ANC below 0.5 x10°/L), positive direct antiglobulin test (DAT) or known
previous hemolysis, previous vaccination with pneumococcal vaccine within
5 years, and ongoing infection. Adverse events (AEs) were monitored
throughout the first month and serious adverse events (SAEs) throughout the
first six months after vaccination.

Blood samples were obtained immediately before vaccination and after
one and six months. At each time point, immunogenicity analyses by opso-
nophagocytic assay (OPA) and enzyme-linked immunosorbent assay (ELI-
SA) were carried out for each of the 12 pneumococcal serotypes common for
PCV13 and PPSV23 (serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19A, 19F,
23F) and for serotype 6A that is found only in PCV13. Specific functional
antibacterial OPA titers were measured using validated OPA assays. OPA
titers were defined as the serum dilution that resulted in complement-
mediated killing of 50% of the assay bacteria (134-136). A standardized
ELISA was used to measure the concentration of anticapsular polysaccharide
IgG elicited by the vaccine. All immunogenicity analyses were performed at
Pfizer’s Vaccine Research Clinical Testing laboratory, Pearl River, USA. PB
values, blood chemistry, immunoglobulins (protein fraction), and IgG sub-
class levels were analyzed locally at baseline and during follow-up.

The study’s objective was to compare immune response to the two vac-
cines one and six months after vaccination. OPA geometric mean titers
(GMTs), ELISA geometric mean concentrations (GMCs), and number of
patients with a good response, were compared between the two vaccination
groups. A good response was predefined as an OPA titer > lower limits of
quantification (LLOQ), set by the laboratory, in 8/12 common serotypes.

A power calculation using an expected difference in immune response of
20% between the two vaccines was performed to determine sample size. The
estimation was based on limited data from clinical trials on CLL patients that
have investigated immune responses after vaccination. Data was presented
as geometric mean ratios (GMRs) with 95% confidence intervals and p-
values.
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Figure 3. Study design and disposition of subjects, Paper Il

Paper III

All BAL examinations performed in patients with hematological malignancies
treated at the Department of Hematology, Uppsala University Hospital during
the period 2004-2013, excluding those in critically ill patients in the intensive
care unit, were identified retrospectively through the local bronchoscopy regis-
ter and included in the study. Patients’ records were reviewed for de-
mographics, clinical characteristics, radiological findings, and test results from
BAL and from “non-invasive” microbiological studies such as bacterial and
fungal cultures, Aspergillus galactomannan (GM), 1,3-beta-D-glucan (BG)
and PCR-based methods. BAL was performed by an experienced pul-
monologist and a well-defined set of microbiological tests from BAL was
obtained per the local standard operating procedure (SOP), including use of
PSB. The SOP was updated twice during the study period with only minor
changes in the set of microbiological tests (Table 3).

Changes in management of anti-infectious therapy following BAL were
analyzed using test results and decisions made by the treating physicians doc-
umented in the patient records. Results from BAL sampling were considered
clinically important if they altered (leading to initiation, change, or cessation)
clinical management of antibacterial, antiviral, or antifungal therapy. Proce-

22



dure-related complications that occurred within 24 hours after the examination
were recorded. The results were analyzed using descriptive methods.

Table 3. Bronchoalveolar lavage, SOP, updated 2012: recommended anal-
yses

All hematology patients:

General culture (quantitative, aerobic, anaerobic), Fungal culture, direct fungal
microscopy

Respiratory virus PCR (RS-, adeno-, para influenza-, influenzas A and B)2

Respiratory virus immunofluorescence (RS-, adeno-, para influenza-, influenzas
A and B)b

Legionella PCR (cultivation is performed automatically in case of positive PCR)¢
and Legionella immunofluorescenced

PSB: general culture, fungal culture, Legionella PCR (culture is performed au-
tomatically in case of positive PCR)¢

Pneumocystis jirovecii immunofluorescence (PCR is performed automatically in
case of negative result)

Mycobacteria direct microscopy and general culture, General virus culture and
Papanicolaou cytology

Immunocompromised patients:

CMV PCR
Herpes simplex types 1 and 2 PCRe¢

Aspergillus antigen and Aspergillus PCRe¢

In selected cases:

Mycoplasma pneumoniae, Chlamydophilia pneumoniae and pneumococci¢c PCR
M. tuberculosis complex PCR¢

CMV antigenb

a Added 2012.
b Excluded 2012.
¢ Added 2007.
d Excluded 2007.
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Paper IV

Patients with MDS, aged 18 years or older, requiring treatment with Aza
(IPSS score Int-2/high-risk, chronic myelomonocytic leukemia [CMML]
with 10-29% BM blasts, secondary AML [sAML] with multilineage dyspla-
sia and BM blasts 10-29%) and with thrombocytopenia (platelet counts < 75
x 10°/1) were enrolled in the trial from October 2011 to March 2013. Major
exclusion criteria were Eastern Cooperative Oncology Group (ECOG) per-
formance status >2, previous treatment with any TPO-R agonist, life expec-
tancy less than three months, previous treatment for cancer other than
MDS/AML within two years before the study start, and east Asian ancestry
(due to different routes of metabolism of eltrombopag).

The study was designed as a phase 1, non-randomized, single-arm feasi-
bility study. Four different doses of oral eltrombopag (50 mg, 100 mg, 200
mg, and 300 mg) were evaluated. A 3+3 patient cohorts design was used so
that no new patients were started on treatment at a higher dose without con-
firmation of the tolerability of the previous lower dose. An independent data
monitoring committee (DMC) reviewed all data from previous dose cohorts
before allowing enrollment into the next cohort (Figure 4). Aza was adminis-
tered in weekly cycles, 100 mg/m? subcutaneously, Monday to Friday as per
local routines. Eltrombopag treatment was commenced one week before the
start of Aza, and the administered orally once daily throughout three Aza
cycles. One dose escalation of eltrombopag was allowed after five weeks for
each patient. Patients underwent clinical and laboratory assessments during
the treatment period until four weeks after discontinuation of eltrombopag.
BM morphology was assessed at screening and at weeks 5 and 13, and BM
for HSPC studies was obtained before treatment and prior to cycle 2.

Safety and tolerability (primary end points) parameters included clinical
and laboratory Grade 3/Grade 4 non-hematological toxicities related to study
medication, increase in BM and/or PB blast counts from baseline, AEs, and
SAEs. Secondary endpoints included change in platelet counts per the Inter-
national Working Group (IWG) criteria, efficacy of MDS treatment given as
per IWG response criteria, frequency and number of units of platelet transfu-
sions during treatment, dose delays and dose reductions of Aza, and inci-
dence and severity of bleeding events as measured on the World Health Or-
ganization (WHO) bleeding scale.

The impact on HSPC (CD34+ CD38-) cell cycle status was analyzed
with flow cytometry. After fixation and permeabilization, BM mononuclear
cells were stained with surface markers CD19, CD34, CD38, CD90, and
intracellular markers Ki67 and 4°, 6-diamidine-2-phenylidole dihydrochlo-
ride (DAPI) (137). Samples were analyzed on an LSRII (BD). Samples from
8 of 12 patients from screening and/or prior to cycle 2 had an adequate yield
of mononuclear BM cells and were analyzed. Descriptive statistics were
used. Data were expressed in median (range) or mean (standard error).
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A Student t-test was used to compare platelet means at screening and at
week 13.

Figure 4. Study design, Paper IV
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Results and Discussion

Clinical significance of serum immunoglobulin G
subclass deficiency in patients with chronic lymphocytic
leukemia (Paper I)

Routine analysis of IgG subclass levels in patients with CLL is
probably not warranted

Hypogammaglobulinemia (particularly serum levels of IgG below normal
values) is associated with an increased risk of infection in patients with CLL.
The prevalence of hypogammaglobulinemia in unselected CLL patients var-
ies between 50% to 70% in different studies (15, 30, 31, 34) and has been
shown to develop over time. Patients with low IgG levels and recurrent in-
fections can be offered prophylactic intravenous Ig substitution (14, 16, 43).
IgG consists of four subclasses (IgG1, 1gG2, IgG3, and IgG4), but it is not
known whether pure IgG subclass deficiency (IgG subclass deficiency with
total IgG, IgA, and IgM within normal range) leads to an increased risk of
infectious complications. Consequently, serum levels of immunoglobulin
(i.e., IgG, IgA, IgM) are routinely analyzed in clinical practice in CLL pa-
tients, whereas serum levels of subclasses of IgG usually are not (31, 37, 38).

In Paper I we studied a heterogeneous cohort of 111 CLL patients from
Uppsala University Hospital. Allo SCT recipients and patients who had been
referred from other hospitals were excluded. Median age at diagnosis of
CLL was 67 (range 43-86) years and the median disease duration was 51
(range 4-286) months. Three out of four patients had the earliest stage of
disease (Rai 0, Binet A), 36% had previously received treatment for CLL,
and two patients were on regular Ig substitution as prophylaxis for infection.
In accordance with other studies, in this unselected group of CLL patients,
52% had hypogammaglobulinemia, which was associated with a longer dis-
ease duration and extensive previous treatment. Notably, and in contrast to
findings in several previous studies, the annual frequency of infection (in-
cluding severe infections requiring hospital care and sepsis) among patients
with and without hypogammaglobulinemia did not differ. Pure subclass de-
ficiency was seen in only 5% of the study population (Table 4). The small
size of this subgroup of patients made it difficult to draw definite conclu-
sions, but no increased risk of infection was observed.
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We reported a low prevalence of pure Ig-subclass deficiency together
with an absence of a clear correlation between deficiency and infection—
findings that do not speak in favor of routinely analyzing IgG subclasses in
CLL patients. Measurement of serum levels of Ig may be justified in patients
with recurrent severe infections, but routine analysis of IgG subclass levels
in patients with CLL is probably not warranted. Furthermore, our findings
indicate that hypogammaglobulinemia in general is, most probably, an indi-
cator (cofactor) of advanced disease aggravated by lymphocyte toxic chemo-
therapy and not necessarily an independent risk factor for infectious compli-
cations.

Table 4. Prevalence of immunoglobulin deficiencies in 111 patients with CLL

Patient characteristics n (%)

Hypogammaglobulinemia 58 (52)

Subclass deficiency 40 (36)
IgG1 deficiency 23 (21)
IgG2 deficiency 22 (20)
IgG3 deficiency 14 (13)
Pure subclass deficiency 6 (5)

Conjugated pneumococcal vaccine triggers a better
immune response than polysaccharide pneumococcal
vaccine in patients with chronic lymphocytic leukemia — a
randomized study by the Swedish CLL group (Paper II)

In patients with previously untreated CLL, the efficacy of
PCV13 on immune response is superior to PPSV23

Patients with CLL have increased susceptibility to infection. Streptococcus
pneumoniae is one of the most common pathogens affecting this patient
group, causing infections such as pneumonia and sepsis with sometimes
even lethal outcome. Vaccination can prevent infections, but patients with
CLL are known to respond poorly to the traditional polysaccharide vaccines.
Conjugation of polysaccharide to protein carriers renders a thymus-
dependent, memory inducing, more immunogenic vaccine. In patients with
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CLL, there is no consensus on recommendation for pneumococcal vaccina-
tion, mainly because comparative studies are lacking (15, 18, 47, 53).

For Paper II we designed a randomized study to compare immune re-
sponses (measured by OPA and ELISA) to a 13-valent conjugated pneumo-
coccal vaccine (PCV13) with responses to a conventional 23-valent capsular
polysaccharide vaccine (PPSV23). 128 treatment-naive CLL patients were
vaccinated from September 2013 to June 2015. 126 and 120 patients were
evaluable for immunogenicity analysis at the one- and six-month follow-ups,
respectively. Median time from diagnosis to vaccination was 31 (range 1—
248) months. Median age at the time of vaccination was 69 (range 46—87)
years. Most patients had low stage disease on the Rai classification system
and two thirds had normal IgG values prior to vaccination. Both vaccines
were well tolerated.

OPA GMTs elicited by PCV13 were higher than those elicited by
PPSV23 for 10/12 of the common serotypes one month after vaccination and
for 5/12 of the common serotypes six months after vaccination. ELISA
GMCs of serotype-specific IgG antibodies were higher in PCV13 recipients
than in PPSV23 recipients for 7/12 common serotypes one month after vac-
cination and for 6/12 common serotypes six months after vaccination. Not
surprisingly, the immune response for serotype 6A, covered by PCV13 only,
was better for PCV13 than for PPSV23. PPSV23 did not trigger a better
immune response than PCV13 in any serotype, regardless of analysis or time
point for analysis (Table 5). A good response (defined as a response
[>LLOQ] in 8/12 common serotypes) was more common in PCV13 recipi-
ents than in PPSV23 recipients one month post vaccination (40% vs. 22%, p
= 0.034) and six months’ post vaccination (33% vs. 17%, p = 0.041).

OPA GMTs elicited in patients with hypogammaglobulinemia (IgG
<lower normal range) were lower than those elicited in patients with normal
IgG values for 11/13 serotypes one month after vaccination and for 8/13
serotypes six months after vaccination. OPA GMTs elicited in patients with
a median disease duration less than 31 months were higher than those elicit-
ed in patients with a disease duration longer than 31 months (median disease
duration = 31 months) in all (13/13) serotypes one month after vaccination
and in 12/13 serotypes six months after vaccination. Since only two patients
were high risk (III/IV) on the Rai staging system, analysis of the impact of
Rai stage on vaccine response was not meaningful.

Duration of response was relatively consistent over time; for only two of
the serotypes, 18C and 23 F, OPA GMTs were statistically lower at the six-
month than at the one-month follow up. Measured as ELISA GMCs, only
serotype 3 was lower at the six-month follow-up. For the remaining sero-
types, immune responses were equal at the two time points.

We reported that a conjugated pneumococcal vaccine (PCV13) triggers a
better immune response than a conventional capsular polysaccharide vaccine
(PPSV23) in a majority of the pneumococcal serotypes common to both
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vaccines. In the remaining serotypes, immune response was equal between
the two vaccines. Negative predictive factors for vaccination response were
hypogammaglobulinemia and long disease duration. PCV13 should be con-
sidered as a part of vaccination programs for CLL patients and should be
administered as early as possible during the disease.
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Utility of Broncho Alveolar Lavage in Diagnosing
Respiratory Tract Infections in Patients with
Hematological Malignancies: Are Invasive Diagnostics
Still Needed? (Paper III)

BAL is still a valuable method for diagnosing respiratory tract
infections in patients with hematological malignancies

Patients treated for hematological malignancies have an increased risk of
serious infection, which makes diagnosis, and prompt initiation of anti-
microbial therapy essential. The use of BAL as a means of identifying the
cause of pulmonary infiltrates is widespread, and a standardized diagnostic
approach to microbiological sampling is usually applied. However, non-
invasive diagnostic methods are under constant improvement, which makes
it essential to re-evaluate established ones (70-73).

In Paper 111, we retrospectively reviewed BAL examinations performed in
patients with hematological malignancies at Uppsala University Hospital
over a 10-year period. A relatively extensive set of microbiological tests
from BAL had been used per local SOP.

In 59 (39%) of 151 BAL cases a microbiological cause of the infectious
episode was identified, and in 38 (25%), findings from BAL had an impact
on clinical management either by establishing or contributing to the final
diagnosis. In six cases (4%) negative findings from BAL facilitated cessation
of initiated microbiological therapy. The most common diagnoses in our
study population were invasive pulmonary aspergillosis (IPA) and Prneumo-
cystis jirovecii pneumonia (PJP). Results are summarized in Table 6. IPA
diagnosis was based on results from BAL in 65% and PJP diagnosis in 93%,
respectively. Several investigations analyzed per local SOP, such as PCR for
Legionella spp. and Clamydophilia pneumoniae and samples obtained using
PSB rendered no positive results. Complications were few and mainly mild.

We concluded that BAL still contributes to either verifying or excluding
some important respiratory tract infections in patients with hematological
malignancies, particularly IPA and PJP. However, the development of non-
invasive methods may reduce the need to perform BAL in the future. Stand-
ardized procedures for BAL sampling should be continuously revised to
avoid unnecessary microbiological tests.
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Table 6. Diagnosis and impact of BAL on clinical management

Impact of BAL on clinical management n =151 (%)

Diagnosis based solely on BAL/Diagnosis based on BAL and 27/11/21/6/107
other diagnostic methods/Diagnosis based on methods other

than BAL/Negative findings from BAL leading to cessation of (18/7/14/4/71)
initiated therapy/No impact

Final diagnosis* n=157 (%)

Aspergillus pneumonia/Pneumocystis pneumonia/Other speci- 23/14/26/85/9
fied causet/Pneumonia with unknown cause/Neutropenic
fever and/or respiratory tract symptoms with unknown cause ~ (15/9/17/54/6)

*More than one diagnosis in some cases

T Bacterial pneumonia with specified cause, invasive candidosis, mycobacterium tuberculosis,
RS-virus, CMV-pneumonitis, pulmonary graft versus host disease (GVHD), bacterial sinusitis
with established cause, drug reaction, heart failure, Legionella pneumonia, rhino virus, pul-
monary embolism, Cryptogenic organizing pneumonia (COP)

A pilot phase I dose-finding safety study of the
thrombopoietinreceptor agonist, eltrombopag, in
patients with myelodysplastic syndrome treated with
azacitidine (Paper IV)

Eltrombopag in combination with azacitidine in high-risk MDS
patients with thrombocytopenia is feasible and well tolerated

Thrombocytopenia is an independent adverse prognostic factor in patients
with MDS (105). The hypomethylating agent azacitidine is first-line treat-
ment for most patients with high-risk disease. It prolongs overall survival,
reduces the risk of leukemic transformation, and improves quality of life
(98-100). It is, however, associated with aggravated thrombocytopenia, at
least during initial treatment. Eltrombopag is an orally administered small-
molecule thrombopoietin-receptor (TPO-R) agonist approved for the treat-
ment of thrombocytopenia in patients with ITP (110). It has also been shown
to inhibit proliferation of leukemia cell lines in vitro (128, 129, 131, 132).
For Paper IV we designed a phase I clinical trial to explore the safety and
tolerability of eltrombopag administered in combination with azacitidin to
patients with MDS. Twelve high-risk MDS patients were enrolled and re-
ceived eltrombopag in dose-escalation cohorts (50, 100, 200, and 300 mg)
during three cycles of azacitidine. Patients receiving eltrombopag in doses
up to 200 mg daily had no SAEs related to the study medication; all reported
events were related to the underlying hematological disease and/or Aza
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treatment. Upon dose escalation of eltrombopag to 300 mg in the fourth co-
hort, two dose-limiting toxicities (DLTs) were observed: deep vein throm-
bosis (DVT) and intractable skin rash. Although neither of these DLTs could
be related with certainty to the study medication, an eltrombopag dose of
200 mg was considered the maximum tolerable dose (MTD). No cataract
formation, BM fibrosis, or increase in PB or BM blasts from base line, were
seen during the study period. Bleeding manifestations were mild and un-
common. Notably, the case of DVT was observed in a patient with progres-
sive, refractory SAML, whereas no thromboembolic complications were seen
in the other patients, including three with previous histories of DVT.

While efficacy was not a primary endpoint in the current study, we re-
ported findings that suggest a possible anti-tumor activity as well as an effect
on alleviating thrombocytopenia in a cohort of high-risk MDS patients treat-
ed with Aza. Among the nine patients who concluded the study as planned,
one had CR and three patients obtained BM CRs. Platelet response was re-
ported in four patients, whereas stable platelet counts were seen in four other
patients. No patient had progression of thrombocytopenia despite ongoing
treatment with Aza. The mean platelet counts at screening and at the end of
the third Aza cycle were 36 (SD 16) and 94 (SD 85) x 10°/L respectively (p
= 0.09) (Figure 5). Dose delays in Aza were related to infectious complica-
tions and skin rash, but were in no case related to thrombocytopenia. We
also reported the novel ex vivo finding that in this patient group, there was no
increase in the cycling of HSPCs, progenitor cells, or strictly defined HSCs.
This strengthens previous data from in vitro studies suggesting that eltrom-
bopag does not have a stimulatory effect on primitive BM cells (128).

We concluded that eltrombopag up to a dose of 200 mg daily, in combi-
nation with Aza in high-risk MDS patients with thrombocytopenia, is feasi-
ble and well tolerated. The design of the randomized, placebo-controlled
phase III study SUPPORT, powered to detect improvements in platelet
count, prevention of major bleeding, and the possibility of an additive anti-
leukemic effect of eltrombopag on high-risk MDS patients, was based on
findings from our study.
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Figure 5. Platelet counts (mean/SD) at screening and at weeks 1 to 15 for nine pa-
tients with MDS receiving eltrombopag and Aza
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Conclusions and Future Perspectives

The results of this thesis may be summarized as follows:

* IgG subclass deficiency in CLL patients with total levels of IgG, IgA,
and IgM within normal range is rare. Our results do not indicate that the-
se patients have an increased risk of infection that would make prophy-
lactic intravenous gamma globulin substitution an appropriate interven-
tion. Routine analysis of IgG subclasses in patients with CLL is there-
fore not warranted.

* The combination of the TPO-R agonist eltrombopag with the hypometh-
ylating agent Aza in high-risk MDS patients with thrombocytopenia is
feasible and well tolerated in doses up to 200 mg eltrombopag daily. A
potential for alleviating thrombocytopenia by adding eltrombopag to
these patients’ medications cannot be ruled out.

* BAL contributes to either verifying or excluding some important respira-
tory tract infections, particularly IPA and PJP, in patients with hemato-
logical malignancies. Standardized procedures for BAL sampling should
be continuously revised to avoid superfluous microbiological tests.

* In patients with previously untreated CLL, the efficacy of PCV13 on
immune response is superior or equal to PPSV23 for all serotypes com-
mon for the two vaccines. PCV13 should therefore be considered part of
vaccination programs against Streptococcus pneumoniae for these pa-
tients and should be administered as early as possible in the disease.

We live in an era of rapidly changing treatment and diagnosis of hematolog-
ical malignancies. Particularly for B-cell malignancies such as CLL, a range
of targeted agents was introduced in the clinic during the writing of this the-
sis. However, although many of these new agents show better efficacy in
tumor response than the older ones, they still have side effects such as in-
creased risks of infectious and bleeding complications. This is a challenge
for hematologists and emphasizes the need for optimized supportive care to
reach the ultimate goal of improved patient outcomes. Methods to diagnose,
prevent, and alleviate infections and bleeding should be under constant de-
velopment to reach this goal. It is also important to challenge established
methods to make room for new and better ones. Several questions that war-
rant further studies have arisen during the writing of my thesis.
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Response to vaccinations is known to abate over time. A follow-up study
on Paper II to see how immunogenicity in responders to vaccination devel-
ops over time would be feasible and important and might help to answer
questions about suitable time points for, and the potential effects of, revac-
cination. The strategy of combining PCV13 with subsequent administration
of PPSV23 to broaden the immune response through coverage of additional
pneumococcal serotypes is generally recommended (12). The efficacy of the
combination is, however, poorly studied and would also warrant a random-
ized study.

A plethora of retrospective studies evaluate the diagnostic yield of BAL
in different patient populations. Such studies, of course, have several limita-
tions. The complex nature of the infections affecting these patients and the
high degree of subjectivity in establishing a diagnosis make estimates of the
diagnostic value difficult. Different ways of measuring diagnostic yield and
differences in patient selection also make comparisons between studies near
impossible. To establish the diagnostic yield of BAL in patients with hema-
tological malignancies and pulmonary infiltrates, a prospective study com-
paring BAL with modern non-invasive infectious diagnostics is highly war-
ranted.

Based on the safety and tolerability data from Paper 1V, the platelet-
supportive effects of eltrombopag in high-risk MDS patients receiving Aza
were investigated in the randomized, placebo-controlled (n = 356), multi-
center phase III SUPPORT trial. Patient enrollment was completed in April
2016 and preliminary analyses were presented by Dickinson et al at the
American Society of Hematology (ASH) congress in December 2016. In
contrast to our preliminary findings (Paper IV), eltrombopag given concomi-
tantly with Aza was found to be inferior to placebo/Aza in alleviating
thrombocytopenia (138), data that clearly do not speak in favor of this par-
ticular treatment combination. However, previous studies have shown that
eltrombopag as a single agent can alleviate thrombocytopenia and bleeding
in patients with high-risk MDS and AML without, apparently, increasing the
risk for leukemic transformation. Hence, eltrombopag may be a useful addi-
tion in the palliative care therapy arsenal for selected cases in this group of
patients with a short estimated survival (121). Eltrombopag has also shown
efficacy in low-risk MDS patients (120), although its therapeutic use is
probably limited; thrombocytopeni in these patients are not usually severe
and therefore usually not associated with bleeding.
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Svensk populiarvetenskaplig ssmmanfattning

Blodcancer ar en brokig sjukdomsgrupp med ursprung i benmaérgen, krop-
pens blodbildande organ. Brist pa réda och vita blodkroppar respektive
blodplattar ar vanligt vid blodcancer och leder till trotthet, infektionskanslig-
het och risk for blodningar. Den 6kade infektionsbendgenheten hos blodcan-
cerpatienter beror pa brist pa vita blodkroppar som ocksé fungerar sdmre an
normalt, men kan dven vara en bieffekt av behandling. P4 motsvarande sétt
kan en sjukdomsorsakad brist pa blodplittar (trombocytopeni), forvérras
efter behandling, bade pa kort och lang sikt.

En bidragande orsak till 6kad infektionskénslighet vid vissa blodsjukdo-
mar ar hypogammaglobulinemi (antikroppsbrist). Immunoglobuliner kan ges
intravendst till patienter med hypogammaglobulinemi och minska infekt-
ionsrisken. Pneumokocker kan orsaka allvarliga infektioner. Det finns tva
typer av vaccin mot denna bakterie, dels det dldre kapselvaccinet déar im-
munforsvaret aktiveras genom att reagera mot den kapsel som omger bakte-
rien och dels ett s.k. konjugatvaccin dér ett protein binds till bakterickapseln
for att forstarka immunsvaret. En metod for att diagnosticera en infektion i
luftvdgarna ar bronkoalveolart lavage (BAL), vilket innebér att man med
hjalp av ett sarskilt instrument (bronkoskop) kan ta prover fran luftroren.

Det dvergripande syftet med detta doktorandprojekt var att forbattra moj-
ligheten att upptidcka och forhindra infektioner och blédningar hos blodcan-
cerpatienter. Avhandlingen bestar av foljande fyra delprojekt:

Hypogammaglobulinemi drabbar ofta patienter med Kronisk lymfatisk
leukemi (KLL). I det forsta projektet undersdkte vi hur vanlig det dr med
brist pd nagon av de fyra undergrupperna av immunoglobulin G (IgG) vid
KLL och om sadan brist okar risken for infektioner. Undergrupper av IgG i
blodet analyserades pa 146 patienter med KLL och deras journaler undersok-
tes i syfte att ta reda pé i vilken utstrackning de drabbats av infektioner. Brist
pa undergrupper av IgG visade sig vara ovanligt och troligen inte medfora en
okad infektionsrisk. Sannolikt dr det darfor onddigt att rutinméssigt analy-
sera undergrupper av IgG pa KLL-patienter.

I det andra delprojektet lottades 128 patienter KLL till vaccination mot
pneumokocker med ett kapselvaccin eller ett konjugatvaccin. Syftet var att
undersoka vilket av de bada vaccinen som ger upphov till bist immunsvar
hos dessa patienter. Genom att méita immunsvaret i blodprover fran patien-
terna efter det att de vaccinerats, kunde vi konstatera att hos KLL-patienter
ar konjugatvaccinet, i likhet med vad fallet dr f6r barn och flera andra pati-
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entgrupper, mer effektivt 4n kapselvaccinet. Lang varaktighet av sjukdomen
och hypogammaglobulinemi var faktorer som medférde ett simre immun-
svar. Vi drog slutsatsen att patienter med KLL bor vaccineras med ett konju-
gatvaccin mot pneumokocker s snart som mdjligt efter att diagnosen stéllts.

I det tredje delprojektet undersoktes hur effektiv BAL ar for att hitta den
bakomliggande orsaken till en infektion i luftvdgarna hos blodcancerpatien-
ter. Vid en journalgenomgang av 151 BAL-undersokningar gjorda under en
tiodrsperiod pa Akademiska sjukhuset, diar provtagning for infektionsdia-
gnostik utforts enligt ett standardiserat forfarande, kunde en séddan orsak
identifierades i 39 % av fallen. I 25 % av fallen bidrog BAL till att stélla
diagnos och i 4 % av fallen mojliggjorde negativa fynd fran BAL att pabor-
jad infektionsbehandling kunde avslutas. De vanligaste orsakerna till lungin-
fektionen var Aspergillus spp. (mogelsvamp) och Pneumocystis jirovesii dar
BAL bidrog till att stilla diagnos i flertalet av fallen. Vi kunde konstatera att
manga analyser som utforts enligt det standardiserade forfarandet var ono-
diga, da de aldrig gav négra positiva resultat.

Patienter med den i méanga fall mycket allvarliga sjukdomen myelo-
dysplastiskt syndrom (MDS) kan behandlas med ldkemedlet azacitidine dér
malet 4r symtomlindring och forlangd 6verlevnad. Trombocytopeni ar van-
ligt hos MDS-patienter och den kan forviarras under azacitidine-
behandlingen. Liakemedlet eltrombopag okar bildningen av trombocyter i
benmérgen, men ar hittills inte godként for behandling av MDS. I det sista
delprojektet behandlades 12 patienter med MDS samtidigt med azacitidine
och eltrombopag med huvudsyfte att undersoka hur patienterna tal denna
lakemedelskombination. Dosen av eltrombopag hojdes succesivt under stu-
diens gang for att finna den maximalt tolererade dosen. Vi kunde konstatera
att kombinationsbehandlingen med eltrombopag i doser upp till 200 mg/dag
tolereras vil, men att doser hogre 4n 200 mg per dag inte kan rekommende-
ras pa grund av 6kad risk for biverkningar. Aven om syftet med studien inte
var att mata effekt i form av 6kade trombocytnivder och minskade blod-
ningskomplikationer, sa kunde vi notera detta hos flera av patienterna.

38



Acknowledgments

I would like to thank the following people for their contributions and support
during the writing of this thesis:

Honar Cherif — my supervisor, for your unfailing ability to always know
when I need help and when I can sort things out on my own, for guiding me
through these seven years with your excellent clinical and scientific
knowledge, kindness, and common sense and for always making time for
me.

Martin Héglund — my co-supervisor, for letting me use your experience and
vast clinical and scientific knowledge in realizing this thesis and for your
dedication and meticulousness in everything that you do.

My wonderful colleagues at the Department of Hematology, in particular
Bengt Smedmyr — my former boss, for hiring me in 2009 and for being a
great person and a great boss; Ulla Olsson Stromberg — my former clinical
supervisor, for all your encouragement and for your ability to cheer people
up; Gunnar Larfors — my roommate, for helping me with computer related
issues and for being such a sensible person with whom I can have daily dis-
cussions and dwell on work-related topics; Anna Eriksson, for help and ad-
vice on PhD-related administrative issues and for being so much fun to be
around; present and former research nurses, Carina Bergvall, Emelia Jar-
stad, Margareta Bredberg Dahl, Birgitta Andersson, and Camilla Paijkull
for help and support with the NMDSG10A and CLL vaccination studies and
for just being great in every way.

Eva Kimby — for letting me be part of the CLL-vaccination study. I have
really enjoyed working with you! The Swedish CLL group for supporting
the study, my co-authors for including patients, the people at Pfizer and Ka-
rolinska Trial Alliance for support and guidance, and the research nurses all
around the country who made it possible to finish the study. A special thanks
to Magdalena Kdttstrom, for excellent teamwork and for being such a nice
person — I look forward to future collaborations.

Eva Hellstrom-Lindberg and the Nordic MDS group — for letting me be co-
investigator in the NMDSG10A study, an invaluable experience for me. All

39



colleagues who included patients in the study, the members of the safety
committee, /nge Frid (formerly) at GlaxoSmithKline, research nurses, the
people at Scandinavian CRO and other people who helped to conduct the
study. Thanks also to Eva for letting me go to Oxford and the Haematopoiet-
ic Stem Cell lab at the Weatherall Institute of Molecular Medicine and to
Sten Eirik Jacobsen, head of the group, for having me. A special thanks to
Oni Chowdhury, for guiding me patiently through the lab, for being such a
great and fun person, and for making my stay in Oxford an unforgettable
experience.

People who have helped me along the way: Birgitta Sembrant, for your
guidance through the PhD student administration jungle; Jan Sjélin, my co-
supervisor; Kristina Lamberg-Lundstrom at the Department of Pulmonology,
for letting me use your register and for making the BAL study possible; Bir-
gitta Wagrell — my former clinical supervisor in Enkoping for being a clini-
cal role model for me, and Marcus Thuresson at Statisticon for excellent
help with statistical analyses.

And, of course, I am very grateful to all the patients who volunteered and
gave me their time and trust.

40



References

10.

11.

12.

13.

14.

Dicato M, Plawny L, Diederich M. Anemia in cancer. Ann Oncol.
2010;21(suppl 7):viil67-vii72.

Liebman HA. Thrombocytopenia in cancer patients. Thromb Res.
2014;133:S63-S9.

van Eeden R, Rapoport BL. Current trends in the management of anaemia in
solid tumours and haematological malignancies. Current opinion in supportive
and palliative care. 2016;10(2):189-94.

Villafuerte-Gutierrez P, Villalon L, Losa JE, Henriquez-Camacho C. Treatment
of Febrile Neutropenia and Prophylaxis in Hematologic Malignancies: A Criti-
cal Review and Update. Advances in Hematology. 2014;2014:9.

Green D. Management of bleeding complications of hematologic malignancies.
Semin Thromb Hemost. 2007;33(4):427-34.

Bendall LJ, Bradstock KF. G-CSF: From granulopoietic stimulant to bone mar-
row stem cell mobilizing agent. Cytokine Growth Factor Rev. 2014;25(4):355-
67.

Zakhour R, Chaftari A-M, Raad II. Catheter-related infections in patients with
haematological malignancies: novel preventive and therapeutic strategies. The
Lancet Infectious Diseases. 2016;16(11):e241-e50.

Menzo SL, la Martire G, Ceccarelli G, Venditti M. New Insight on Epidemiolo-
gy and Management of Bacterial Bloodstream Infection in Patients with Hema-
tological Malignancies. Mediterranean Journal of Hematology and Infectious
Diseases. 2015;7(1):¢2015044.

Ruhnke M, Arnold R, Gastmeier P. Infection control issues in patients with
haematological malignancies in the era of multidrug-resistant bacteria. The
Lancet Oncology. 2014;15(13):¢606-¢19.

Lyman GH, Abella E, Pettengell R. Risk factors for febrile neutropenia among
patients with cancer receiving chemotherapy: A systematic review. Crit Rev
Oncol Hematol.2014;90(3):190-9.

Singh AK, McGuirk JP. Allogeneic Stem Cell Transplantation: A Historical and
Scientific Overview. Cancer Res. 2016;76(22):6445-51.

Tsigrelis C, Ljungman P. Vaccinations in patients with hematological malig-
nancies. Blood Rev. 2016;30(2):139-47.

Sahin U, Toprak SK, Atilla PA, Atilla E, Demirer T. An overview of infectious
complications after allogeneic hematopoietic stem cell transplantation. Journal
of Infection and Chemotherapy. 2016;22(8):505-14.

Raanani P, Gafter-Gvili A, Paul M, Ben-Bassat I, Leibovici L, Shpilberg O.
Immunoglobulin prophylaxis in chronic lymphocytic leukemia and multiple
myeloma: systematic review and meta-analysis. Leuk Lymphoma.
2009;50(5):764-72.

41



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

42

Dhalla F, Lucas M, Schuh A, Bhole M, Jain R, Patel SY, et al. Antibody Defi-
ciency Secondary to Chronic Lymphocytic Leukemia: Should Patients be Treat-
ed with Prophylactic Replacement Immunoglobulin? J Clin Immunol.
2014;34(3):277-82.

Sanchez-Ramon S, Dhalla F, Chapel H. Challenges in the Role of Gammag-
lobulin Replacement Therapy and Vaccination Strategies for Hematological
Malignancy. Frontiers in immunology. 2016;7:317.

Compagno N, Malipiero G, Cinetto F, Agostini C. Immunoglobulin replace-
ment therapy in secondary hypogammaglobulinemia. Frontiers in immunology.
2014;5:626.

Vicki A M. Infectious complications of chronic lymphocytic leukaemia: patho-
genesis, spectrum of infection, preventive approaches. Best Practice &amp; Re-
search Clinical Haematology. 2010;23(1):145-53.

Jain N, O'Brien S. Targeted therapies for CLL: Practical issues with the chang-
ing treatment paradigm. Blood Rev.

Robak T, Stilgenbauer S, Tedeschi A. Front-line treatment of CLL in the era of
novel agents. Cancer Treat Rev. 2017;53:70-8.

Kharfan-Dabaja MA, Kumar A, Hamadani M, Stilgenbauer S, Ghia P, Anasetti
C, et al. Clinical Practice Recommendations for Use of Allogeneic Hematopoi-
etic Cell Transplantation in Chronic Lymphocytic Leukemia on Behalf of the
Guidelines Committee of the American Society for Blood and Marrow Trans-
plantation. Biol Blood Marrow Transplant. 2016;22(12):2117-25.

Jeyakumar D, O'Brien S. B cell receptor inhibition as a target for CLL therapy.
Best Practice & Research Clinical Haematology. 2016;29(1):2-14.

Hallek M. Chronic lymphocytic leukemia: 2015 Update on diagnosis, risk strati-
fication, and treatment. Am J Hematol. 2015;90(5):446-60.

Eichhorst B, Robak T, Montserrat E, Ghia P, Hillmen P, Hallek M, et al. Chron-
ic lymphocytic leukaemia: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-upt. Ann Oncol. 2015;26(suppl_5):v78-v84.

Marini BL, Samanas L, Perissinotti AJ. Expanding the armamentarium for
chronic lymphocytic leukemia: A review of novel agents in the management of
chronic lymphocytic leukemia. Journal of Oncology Pharmacy Prac-
tice.0(0):1078155216656929.

Cramer P, Eichhorst B, Reinhardt HC, Hallek M. Current strategies to create
tailored and risk-adapted therapies for CLL patients. Best Pract Res Clin Hae-
matol. 2016;29(1):111-21.

Molica S. Infections in chronic lymphocytic leukemia: risk factors, and impact
on survival, and treatment. Leuk Lymphoma. 1994;13(3-4):203-14.

Ravandi F, O’Brien S. Infections associated with purine analogs and monoclo-
nal antibodies. Blood Rev. 2005;19(5):253-73.

Hamblin AD, Hamblin TJ. The immunodeficiency of chronic lymphocytic leu-
kaemia. Br Med Bull. 2008;87(1):49-62.

Fairley GH, Scott RB. Hypogammaglobulinaemia in chronic lymphatic leukae-
mia. Br Med J. 1961;2(5257):920-4.

Freeman JA, Crassini KR, Best OG, Forsyth CJ, Mackinlay NJ, Han P, et al.
Immunoglobulin G subclass deficiency and infection risk in 150 patients with
chronic lymphocytic leukemia. Leuk Lymphoma.0(0):1-9.

Andersen MA, Vojdeman FJ, Andersen MK, Brown Pde N, Geisler CH, Weis
Bjerrum O, et al. Hypogammaglobulinemia in newly diagnosed chronic lym-
phocytic leukemia is a predictor of early death. Leuk Lymphoma.
2016;57(7):1592-9.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.
45.

46.

47.
48.

49.

50.
51.

52.

Visentin A, Compagno N, Cinetto F, Imbergamo S, Zambello R, Piazza F, et al.
Clinical profile associated with infections in patients with chronic lymphocytic
leukemia. Protective role of immunoglobulin replacement therapy. Haematolog-
ica. 2015;100(12):e515-8.

Parikh SA, Leis JF, Chaffee KG, Call TG, Hanson CA, Ding W, et al. Hy-
pogammaglobulinemia in newly diagnosed chronic lymphocytic leukemia: Nat-
ural history, clinical correlates, and outcomes. Cancer. 2015;121(17):2883-91.
Shvidel L, Tadmor T, Braester A, Bairey O, Rahimi-Levene N, Herishanu Y, et
al. Serum immunoglobulin levels at diagnosis have no prognostic significance
in stage A chronic lymphocytic leukemia: a study of 1113 cases from the Israeli
CLL Study Group. Eur J Haematol. 2014;93(1):29-33.

Jefferis R, Kumararatne DS. SELECTIVE IGG SUBCLASS DEFICIENCY -
QUANTIFICATION AND CLINICAL RELEVANCE. Clin Exp Immunol.
1990;81(3):357-67.

Lacombe C, Gombert J, Dreyfus B, Brizard A, Preud'Homme J-L. Heterogenei-
ty of Serum IgG Subclass Deficiencies in B Chronic Lymphocytic Leukemia.
Clin Immunol. 1999;90(1):128-32.

Copson ER, Ellis BA, Westwood NB, Majumdar G. IgG Subclass Levels in
Patients with B Cell Chronic Lymphocytic Leukaemia. Leuk Lymphoma.
1994;14(5-6):471-3.

Sigal LH. Basic science for the clinician 59: polymorphonuclear cells: mecha-
nisms in human defense and in the pathogenesis of autoimmune disease. Journal
of clinical rheumatology : practical reports on rheumatic & musculoskeletal dis-
eases. 2012;18(8):443-9.

Zhang H, Li P, Wu D, Xu D, Hou Y, Wang Q, et al. Serum IgG Subclasses in
Autoimmune Diseases. Medicine (Baltimore). 2015;94(2):¢387.

Stone JH, Chan JKC, Deshpande V, Okazaki K, Umehara H, Zen Y. IgG4-
Related Disease. International Journal of Rheumatology. 2013;2013:532612.
Brito-Zeron P, Bosch X, Ramos-Casals M, Stone JH. IgG4-related disease:
Advances in the diagnosis and treatment. Best practice & research Clinical
rheumatology. 2016;30(2):261-78.

Molica S, Musto P, Chiurazzi F, Specchia G, Brugiatelli M, Cicoira L, et al.
Prophylaxis against infections with low-dose intravenous immunoglobulins
(IVIG) in chronic lymphocytic leukemia. Results of a crossover study. Haema-
tologica. 1996;81(2):121-6.

Boughton BJ, Jackson N, Lim S, Smith N. Randomized trial of intravenous
immunoglobulin prophylaxis for patients with chronic lymphocytic leukaemia
and secondary hypogammaglobulinaemia. Clin Lab Haematol. 1995;17(1):75-
80.

Griffiths H, Brennan V, Lea J, Bunch C, Lee M, Chapel H. Crossover study of
immunoglobulin replacement therapy in patients with low-grade B-cell tumors.
Blood. 1989;73(2):366-8.

Ravandi F, O’Brien S. Immune defects in patients with chronic lymphocytic
leukemia. Cancer Immunol Immunother. 2006;55(2):197-209.

Sinisalo M, Aittoniemi J, Oivanen P, K.yhty H, .lander R-M, Vilpo J. Response
to vaccination against different types of antigens in patients with chronic lym-
phocytic leukaemia. Br J Haematol. 2001;114(1):107-10.

Hartkamp A, Mulder AHL, Rijkers GT, van Velzen-Blad H, Biesma DH. Anti-
body responses to pneumococcal and haemophilus vaccinations in patients with
B-cell chronic lymphocytic leukaemia. Vaccine. 2001;19(13-14):1671-7.

43



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

44

van der Velden AMT, Mulder AHL, Hartkamp A, Diepersloot RJA, van
Velzen- Blad H, Biesma DH. Influenza virus vaccination and booster in B-cell
chronic lymphocytic leukaemia patients. European Journal of Internal Medicine.
2001;12(5):420-4.

Hiitter J, Lepenies B. Carbohydrate-Based Vaccines: An Overview. In: Lep-
enies B, editor. Carbohydrate-Based Vaccines: Methods and Protocols. New
York, NY: Springer New York; 2015. p. 1-10.

Rubin LG, Levin MJ, Ljungman P, Davies EG, Avery R, Tomblyn M, et al.
Executive Summary: 2013 IDSA Clinical Practice Guideline for Vaccination of
the Immunocompromised Host. Clin Infect Dis. 2014;58(3):309-18.

Karlsson J, Hogevik H, Andersson K, Roshani L, Andreasson B, Wenneras C.
Pneumococcal vaccine responses in elderly patients with multiple myeloma,
Waldenstrom’s macroglobulinemia, and monoclonal gammopathy of undeter-
mined significance. Trials in Vaccinology. 2013;2:31-8.

Sinisalo M, Vilpo J, It.l. M, V.kev.inen M, Taurio J, Aittoniemi J. Antibody
response to 7-valent conjugated pneumococcal vaccine in patients with chronic
lymphocytic leukaemia. Vaccine. 2007;26(1):82-7.

Safdar A, Rodriguez GH, Rueda AM, Wierda WG, Ferrajoli A, Musher DM, et
al. Multiple-dose granulocyte-macrophage—colony-stimulating factor plus 23-
valent polysaccharide pneumococcal vaccine in patients with chronic lympho-
cytic leukemia. Cancer. 2008;113(2):383-7.

Henriques-Normark B, Tuomanen EI. The Pneumococcus: Epidemiology, Mi-
crobiology, and Pathogenesis. Cold Spring Harbor Perspectives in Medicine.
2013;3(7).

Sinisalo M, Aittoniemi J, K.yhty H, Vilpo J. Haemophilus Influenzae Type b
(Hib) Antibody Concentrations and Vaccination Responses in Patients with
Chronic Lymphocytic Leukaemia: Predicting Factors for Response. Leuk Lym-
phoma. 2002;43(10):1967-9.

Pasiarski M, Rolinski J, Grywalska E, Stelmach-Goldys A, Korona-Glowniak I,
Gozdz S, et al. Antibody and plasmablast response to 13-valent pneumococcal
conjugate vaccine in chronic lymphocytic leukemia patients--preliminary report.
PloS one. 2014;9(12):e114966.

Baxendale HE, Davis Z, White HN, Spellerberg MB, Stevenson FK, Goldblatt
D. Immunogenetic analysis of the immune response to pneumococcal polysac-
charide. Eur J Immunol. 2000;30(4):1214-23.

de Roux A, Schm.ele-Thoma B, Siber GR, Hackell JG, Kuhnke A, Ahlers N, et
al. Comparison of Pneumococcal Conjugate Polysaccharide and Free Polysac-
charide Vaccines in Elderly Adults: Conjugate Vaccine Elicits Improved Anti-
bacterial Immune Responses and Immunological Memory. Clin Infect Dis.
2008;46(7):1015-23.

Musher DM, Sampath R, Rodriguez-Barradas MC. The Potential Role for Pro-
tein-Conjugate Pneumococcal Vaccine in Adults: What Is the Supporting Evi-
dence? Clin Infect Dis. 2011;52(5):633-40.

Henrichsen J. Typing of Streptococcus pneumoniae: past, present, and future.
The American Journal of Medicine. 1999;107(1, Supplement 1):50-4.
Srifeungfung S, Tribuddharat C, Comerungsee S, Chatsuwan T, Treerauthana-
weeraphong V, Rungnobhakhun P, et al. Serotype coverage of pneumococcal
conjugate vaccine and drug susceptibility of Streptococcus pneumoniae isolated
from invasive or non-invasive diseases in central Thailand, 2006-2009. Vac-
cine. 2010;28(19):3440-4.



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Lepoutre A, Varon E, Georges S, Dorl.ans F, Janoir C, Gutmann L, et al. Impact
of the pneumococcal conjugate vaccines on invasive pneumococcal disease in
France, 2001-2012. Vaccine. 2015;33(2):359-66.

Pneumococcal conjugate vaccine for childhood immunization--WHO position
paper. Wkly Epidemiol Rec. 2007;82(12):93-104

Geno KA, Gilbert GL, Song JY, Skovsted IC, Klugman KP, Jones C, et al.
Pneumococcal Capsules and Their Types: Past, Present, and Future. Clin Mi-
crobiol Rev. 2015;28(3):871-99.

Richter SS, Heilmann KP, Dohrn CL, Riahi F, Diekema DJ, Doern GV. Pneu-
mococcal Serotypes before and after Introduction of Conjugate Vaccines, Unit-
ed States, 1999-2011. Emerg Infect Dis. 2013;19(7):1074-83.

Dirmesropian S, Wood JG, MacIntyre CR, Newall AT. A review of economic
evaluations of 13-valent pneumococcal conjugate vaccine (PCV13) in adults
and the elderly. Human Vaccines & Immunotherapeutics. 2015;11(4):818-25.
Torres A, Bonanni P, Hryniewicz W, Moutschen M, Reinert RR, Welte T.
Pneumococcal vaccination: what have we learnt so far and what can we expect
in the future? Eur J Clin Microbiol Infect Dis. 2014;34(1):19-31.

Daniels CC, Rogers PD, Shelton CM. A Review of Pneumococcal Vaccines:
Current Polysaccharide Vaccine Recommendations and Future Protein Anti-
gens. The Journal of Pediatric Pharmacology and Therapeutics : JPPT.
2016;21(1):27-35.

Baskova L, Buchta V. Laboratory diagnostics of invasive fungal infections: an
overview with emphasis on molecular approach. Folia Microbiol (Praha).
2012;57(5):421-30.

Boersma WG, Erjavec Z, van der Werf TS, de Vries-Hosper HG, Gouw ASH,
Manson WL. Bronchoscopic diagnosis of pulmonary infiltrates in granulocyto-
penic patients with hematologic malignancies: BAL versus PSB and PBAL.
Respir Med. 2007;101(2):317-25.

Forslow U, Remberger M, Nordlander A, Mattsson J. The clinical importance
of bronchoalveolar lavage in allogeneic SCT patients with pneumonia. Bone
Marrow Transplant. 2010;45(5):945-50.

Hoenigl M, Zollner-Schwetz I, Sill H, Linkesch W, Lass-Florl C, Schnedl W1,
et al. Epidemiology of invasive fungal infections and rationale for antifungal
therapy in patients with haematological malignancies. Mycoses.
2011;54(5):454-9.

Maschmeyer G, Donnelly JP. How to manage lung infiltrates in adults suffering
from haematological malignancies outside allogeneic haematopoietic stem cell
transplantation. Br J Haematol. 2016;173(2):179-89.

Ramila E, Sureda A, Martino R, Santamaria A, Franquet T, Puzo C, et al. Bron-
choscopy guided by high-resolution computed tomography for the diagnosis of
pulmonary infections in patients with hematologic malignancies and normal
plain chest Xray. Haematologica. 2000;85(9):961-6.

Cordani S, Manna A, Vignali M, Tascini C. Bronchoalveolar lavage as a diag-
nostic tool in patients with hematological malignancies and pneumonia. Le in-
fezioni in medicina : rivista periodica di eziologia, epidemiologia, diagnostica,
clinica e terapia delle patologie infettive. 2008;16(4):209-13.

Hummel M, Rudert S, Hof H, Hehlmann R, Buchheidt D. Diagnostic yield of
bronchoscopy with bronchoalveolar lavage in febrile patients with hematologic
malignancies and pulmonary infiltrates. Ann Hematol. 2008;87(4):291-7.

45



82.

&3.

&4.

85.

86.

87.

88.

9.

90.

91.

92.

93.

94.

95.

46

Maschmeyer G, Carratal. J, Buchheidt D, Hamprecht A, Heussel CP, Kahl C, et
al. Diagnosis and antimicrobial therapy of lung infiltrates in febrile neutropenic
patients (allogeneic SCT excluded): updated guidelines of the Infectious Dis-
eases Working Party (AGIHO) of the German Society of Hematology and Med-
ical Oncology (DGHO). Ann Oncol. 2015;26(1):21-33.

Seneviratna A, O'Carroll M, Lewis CA, Milne D. Diagnostic yield of broncho-
scopic sampling in febrile neutropenic patients with pulmonary infiltrate and
haematological disorders. Internal medicine journal. 2012;42(5):536-41.

Elston WJ, Whittaker AJ, Khan LN, Flood-Page P, Ramsay C, Jeffery PK, et al.
Safety of research bronchoscopy, biopsy and bronchoalveolar lavage in asthma.
Eur Respir J. 2004;24(3):375-7.

Shannon VR, Andersson BS, Lei X, Champlin RE, Kontoyiannis DP. Utility of
early versus late fiberoptic bronchoscopy in the evaluation of new pulmonary
infiltrates following hematopoietic stem cell transplantation. Bone Marrow
Transplant. 2010;45(4):647-55.

Kuehnhardt D, Hannemann M, Schmidt B, Heider U, Possinger K, Eucker J.
Therapeutic implication of BAL in patients with neutropenia. Ann Hematol.
2009;88(12):1249-56.

Hohenadel IA, Kiworr M, Genitsariotis R, Zeidler D, Lorenz J. Role of bron-
choalveolar lavage in immunocompromised patients with pneumonia treated
with a broad spectrum antibiotic and antifungal regimen. Thorax.
2001;56(2):115-20.

Buchheidt D. Molecular diagnosis of invasive aspergillosis in patients with
hematologic malignancies — new answers to a diagnostic challenge? Expert
Opinion on Medical Diagnostics. 2008;2(7):753-61.

Buchheidt D, Spiess B, Hofmann W-K, Reinwald M. Galactomannan-Based
and PCR-Based Assays in Bronchoalveolar Lavage to Diagnose Invasive As-
pergillosis: Current Status and Future Prospects. Curr Fungal Infect Rep.
2013;7(3):273-82.

Hoenigl M, Prattes J, Spiess B, Wagner J, Prueller F, Raggam RB, et al. Per-
formance of galactomannan, beta-d-glucan, Aspergillus lateral-flow device,
conventional culture, and PCR tests with bronchoalveolar lavage fluid for diag-
nosis of invasive pulmonary aspergillosis. J Clin Microbiol. 2014;52(6):2039-
45.

Lamoth F, Cruciani M, Mengoli C, Castagnola E, Lortholary O, Richardson M,
et al. B-Glucan Antigenemia Assay for the Diagnosis of Invasive Fungal Infec-
tions in Patients With Hematological Malignancies: A Systematic Review and
Meta-Analysis of Cohort Studies From the Third European Conference on In-
fections in Leukemia (ECIL-3). Clin Infect Dis. 2012;54(5):633-43.

Buess M, Cathomas G, Halter J, Junker L, Grendelmeier P, Tamm M, et al.
Aspergillus-PCR in bronchoalveolar lavage for detection of invasive pulmonary
aspergillosis in immunocompromised patients. BMC Infectious Diseases.
2012;12(1):237.

Li W, Morrone K, Kambhampati S, Will B, Steidl U, Verma A. Thrombocyto-
penia in MDS: epidemiology, mechanisms, clinical consequences and novel
therapeutic strategies. Leukemia. 2016;30(3):536-44.

Greenberg P, Cox C, LeBeau MM, Fenaux P, Morel P, Sanz G, et al. Interna-
tional Scoring System for Evaluating Prognosis in Myelodysplastic Syndromes.
Blood. 1997;89(6):2079-88.

Sekeres MA, Schoonen WM, Kantarjian H, List A, Fryzek J, Paquette R, et al.
Characteristics of US patients with myelodysplastic syndromes: results of six
cross-sectional physician surveys. J Natl Cancer Inst. 2008;100(21):1542-51.



96. Garcia-Manero G. Myelodysplastic syndromes: 2015 Update on diagnosis,
riskstratification and management. Am J Hematol. 2015;90(9):831-41.

97. Garcia-Manero G. Myelodysplastic syndromes: 2014 update on diagnosis,
riskstratification, and management. Am J Hematol. 2014;89(1):97-108.

98. Greenberg PL, Tuechler H, Schanz J, Sanz G, Garcia-Manero G, Sole F, et al.
Revised international prognostic scoring system for myelodysplastic syndromes.
Blood. 2012;120(12):2454-65.

99. Bacher U, Kohlmann A, Haferlach T. Mutational profiling in patients with
MDS: ready for every-day use in the clinic? Best Pract Res Clin Haematol.
2015;28(1):32-42.

100.0Oran B. Which Patients Should Undergo Allogeneic Stem Cell Transplantation
for Myelodysplastic Syndromes, and When Should We Do It? Clinical lym-
phoma, myeloma & leukemia. 2015;15 Suppl:S43-9.

101.97. Cutler C. Timing of allogeneic stem cell transplantation for myelodysplastic
syndromes and aplastic anemia. Hematology American Society of Hematology
Education Program. 2014;2014(1):77-81.

102.Silverman LR, Demakos EP, Peterson BL, Kornblith AB, Holland JC, Odchim-
ar-Reissig R, et al. Randomized Controlled Trial of Azacitidine in Patients With
the Myelodysplastic Syndrome: A Study of the Cancer and Leukemia Group B.
J Clin Oncol. 2002;20(10):2429-40.

103.Fenaux P, Mufti GJ, Hellstrom-Lindberg E, Santini V, Finelli C, Giagounidis A,
et al. Efficacy of azacitidine compared with that of conventional care regimens
in the treatment of higher-risk myelodysplastic syndromes: a randomised, open-
label, phase III study. The Lancet Oncology. 2009;10(3):223-32.

104.Gurion R, Vidal L, Gafter-Gvili A, Belnik Y, Yeshurun M, Raanani P, et al. 5-
azacitidine prolongs overall survival in patients with myelodysplastic syn-
drome--a systematic review and meta-analysis. Haematologica. 2010;95(2):303-
10.

105.Kantarjian H, Issa J-PJ, Rosenfeld CS, Bennett JM, Albitar M, DiPersio J, et al.
Decitabine improves patient outcomes in myelodysplastic syndromes. Cancer.
2006;106(8):1794-803.

106.Hellstr.m-Lindberg E, van de Loosdrecht A. Erythropoiesis stimulating agents
and other growth factors in low-risk MDS. Best practice & research Clinical
haematology. 2013;26(4):401-10.

107.Santini V. Treatment of low-risk myelodysplastic syndromes. Hematology
American Society of Hematology Education Program. 2016;2016(1):462-9.

108.Almeida A, Fenaux P, List AF, Raza A, Platzbecker U, Santini V. Recent ad-
vances in the treatment of lower-risk non-del(5q) myelodysplastic syndromes
(MDS). Leuk Res. 2017;52:50-7.

109.Kantarjian H, Giles F, List A, Lyons R, Sekeres MA, Pierce S, et al. The inci-
dence and impact of thrombocytopenia in myelodysplastic syndromes. Cancer.
2007;109(9):1705-14.

110.Neukirchen J, Blum S, Kuendgen A, Strupp C, Aivado M, Haas R, et al. Platelet
counts and haemorrhagic diathesis in patients with myelodysplastic syndromes.
Eur J Haematol. 2009;83(5):477-82.

111.Kao JM, McMillan A, Greenberg PL. International MDS risk analysis work-
shop (IMRAW)/IPSS reanalyzed: impact of cytopenias on clinical outcomes in
myelodysplastic syndromes. Am J Hematol. 2008;83(10):765-70.

112.108. Bussel JB. The new thrombopoietic agenda: Impact on leukemias and
MDS. Best Practice & Research Clinical Haematology. 2014;27(3—4):288-92.

47



113.Saleh MN, Bussel JB, Cheng G, Meyer O, Bailey CK, Arning M, et al. Safety
and efficacy of eltrombopag for treatment of chronic immune thrombocytope-
nia: results of the Ilong-term, open-label EXTEND study. Blood.
2013;121(3):537-45.

114.110. Bussel JB, Cheng G, Saleh MN, Psaila B, Kovaleva L, Meddeb B, et al.
Eltrombopag for the treatment of chronic idiopathic thrombocytopenic purpura.
N Engl J Med. 2007;357(22):2237-47.

115.Wang L, Gao Z, Chen XP, Zhang HY, Yang N, Wang FY, et al. Efficacy and
safety of thrombopoietin receptor agonists in patients with primary immune
thrombocytopenia: A systematic review and meta-analysis. Scientific reports.
2016;6:39003.

116.Li C, Zheng L. The pharmacology and clinical application of thrombopoietin
receptor agonists. Int J Hematol. 2014;100(6):529-39.

117.Kuter DJ, Bussel JB, Lyons RM, Pullarkat V, Gernsheimer TB, Senecal FM, et
al. Efficacy of romiplostim in patients with chronic immune thrombocytopenic
purpura: a  double-blind  randomised  controlled trial. = Lancet.
2008;371(9610):395-403.

118.114. Newland A, Godeau B, Priego V, Viallard JF, Lopez Fernandez MF, Ore-
judos A, et al. Remission and platelet responses with romiplostim in primary
immune thrombocytopenia: final results from a phase 2 study. Br J Haematol.
2016;172(2):262-73.

119.115. Prica A, Sholzberg M, Buckstein R. Safety and efficacy of thrombopoiet-
inreceptor agonists in myelodysplastic syndromes: a systematic review and me-
ta-analysis of randomized controlled trials. Br J Haematol. 2014;167(5):626-38.

120.Kuter DJ. What is the role of novel thrombopoietic agents in the management of
acute leukemia? Best Pract Res Clin Haematol. 2016;29(4):372-8.

121.Brierley CK, Steensma DP. Thrombopoiesis-stimulating agents and myelodys-
plastic syndromes. Br J Haematol. 2015;169(3):309-23.

122.Giagounidis A, Mufti GJ, Fenaux P, Sekeres MA, Szer J, Platzbecker U, et al.
Results of a randomized, double-blind study of romiplostim versus placebo in
patients with low/intermediate-1-risk myelodysplastic syndrome and thrombo-
cytopenia. Cancer. 2014:n/a-n/a.

123.Mittelman M, Assouline S, Briasoulis E, Alonso A, Delgado RG, O'Gorman P,
et al. Eltrombopag Treatment of Thrombocytopenia in Advanced Myelodys-
plastic Syndromes and Acute Myeloid Leukemia: Results of the 8-Week Open-
Label Part of an Ongoing Study. Blood. 2012;120(21):3822-.

124.0liva EN, Alati C, Santini V, Poloni A, Molteni A, Niscola P, et al. Eltrom-
bopag versus placebo for low-risk myelodysplastic syndromes with thrombocy-
topenia (EQoL-MDS): phase 1 results of a single-blind, randomised, controlled,
phase 2 superiority trial. The Lancet Haematology. 2017.

125.Platzbecker U, Wong RS, Verma A, Abboud C, Araujo S, Chiou TJ, et al. Safe-
ty and tolerability of eltrombopag versus placebo for treatment of thrombocyto-
penia in patients with advanced myelodysplastic syndromes or acute myeloid
leukaemia: a multicentre, randomised, placebo-controlled, double-blind, phase
1/2 trial. The Lancet Haematology. 2015;2(10):e417-26.

126.Taichman RS. Blood and bone: two tissues whose fates are intertwined to create
the hematopoietic stem-cell niche. Blood. 2005;105(7):2631-9.

127.Yamazaki S, Iwama A, Takayanagi S-i, Morita Y, Eto K, Ema H, et al. Cyto-
kine signals modulated via lipid rafts mimic niche signals and induce hiberna-
tion in hematopoietic stem cells. EMBO J. 2006;25(15):3515-23.

128.Dick JE. Stem cell concepts renew cancer research. Blood. 2008;112(13):4793-
807.

48



129.Drachman JG. Role of thrombopoietin in hematopoietic stem cell and progeni-
tor regulation. Curr Opin Hematol. 2000;7(3):183-90.

130.Qian H, Buza-Vidas N, Hyland CD, Jensen CT, Antonchuk J, Mansson R, et al.
Critical role of thrombopoietin in maintaining adult quiescent hematopoietic
stem cells. Cell stem cell. 2007;1(6):671-84.

131.Ballmaier M, Germeshausen M. Advances in the understanding of congenital-
amegakaryocytic thrombocytopenia. Br J Haematol. 2009;146(1):3-16.

132.Roth M, Will B, Simkin G, Narayanagari S, Barreyro L, Bartholdy B, et al.
Eltrombopag inhibits the proliferation of leukemia cells via reduction of intra-
cellular iron and induction of differentiation. Blood. 2012;120(2):386-94.

133.Sugita M, Kalota A, Gewirtz AM, Carroll M. Eltrombopag inhibition of acute
myeloid leukemia cell survival does not depend on c-Mpl expression. Leuke-
mia. 2013;27(5):1207-10.

134.Rusnak DW, Rudolph SK, Safavi A, Erickson-Miller CL. Eltrombopag, but Not
Romiplostim or Thrombopoietin, Inhibits Growth of Thrombopoietin Receptor
Positive and Negative Human Leukemia Cell Lines. ASH Annual Meeting Ab-
stracts. 2012;120(21):4726-.

135.Erickson-Miller CL, Kirchner J, Aivado M, May R, Payne P, Chadderton A.
Reduced proliferation of non-megakaryocytic acute myelogenous leukemia and
other leukemia and lymphoma cell lines in response to eltrombopag. Leuk Res.
2010;34(9):1224-31.

136.Will B, Kawahara M, Luciano JP, Bruns I, Parekh S, Erickson-Miller CL, et al.
Effect of the nonpeptide thrombopoietin receptor agonist Eltrombopag on bone
marrow cells from patients with acute myeloid leukemia and myelodysplastic
syndrome. Blood. 2009;114(18):3899-908.

137.Grandjenette C, Kennel A, Massin F, Faure GC, Bene MC, Montague P. Meas-
urement of immunoglobulins G, A, and M levels in B-lymphocytes culture. J
Immunoass Immunoch. 2005;26(4):303-11.

138.Cooper D, Yu X, Sidhu M, Nahm MH, Fernsten P, Jansen KU. The 13-valent
pneumococcal conjugate vaccine (PCV13) elicits cross-functional opsonopha-
gocytic killing responses in humans to Streptococcus pneumoniae serotypes 6C
and 7A. Vaccine. 2011;29(41):7207-11.

139.Hu BT, Yu X, Jones TR, Kirch C, Harris S, Hildreth SW, et al. Approach to
Validating an Opsonophagocytic Assay for Streptococcus pneumoniae. Clin Di-
agn Lab Immunol. 2005;12(2):287-95.136.

140.Romero-Steiner S, Libutti D, Pais LB, Dykes J, Anderson P, Whitin JC, et al.
Standardization of an opsonophagocytic assay for the measurement of function-
al antibody activity against Streptococcus pneumoniae using differentiated HL-
60 cells. Clin Diagn Lab Immunol. 1997;4(4):415-22.

141.Tehranchi R, Woll PS, Anderson K, Buza-Vidas N, Mizukami T, Mead AJ, et
al.Persistent malignant stem cells in del(5q) myelodysplasia in remission. N
Engl J Med. 2010;363(11):1025-37.

142.Dickinson MJ, Cherif H, Fenaux P, Mittleman M, Verma A, Portella MSO, et
al. Thrombopoietin (TPO) Receptor Agonist Eltrombopag in Combination with
Azacitidine (AZA) for Primary Treatment of Myelodysplastic Syndromes
(MDS) Patients with Thrombocytopenia: Outcomes from the Randomized, Pla-
cebo-Controlled, Phase IIT Support Study. Blood. 2016;128(22):163-.

49



Acta Universitatis Upsaliensis

Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1304

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-316461

ACTA
UNIVERSITATIS
UPSALIENSIS
UPPSALA
2017



	Abstract
	List of Papers
	Contents
	Abbreviations
	Introduction
	Hematological malignancies
	Infectious complications in hematological malignancies
	Chronic Lymphocytic Leukemia
	Hypogammaglobulinemia and IgG subclass deficiency in CLL
	Vaccination in CLL
	Pulmonary infection in hematological malignancies
	Broncho alveolar lavage

	Bleeding and thrombocytopenia in hematological malignancies
	Myelodysplastic syndromes
	Thrombocytopenia in MDS
	Thrombopoietic stimulating agents
	The hematopoietic stem cell and MDS


	Aims
	Methods
	Paper I
	Paper II
	Paper III
	Paper IV

	Results and Discussion
	Clinical significance of serum immunoglobulin G subclass deficiency in patients with chronic lymphocytic leukemia (Paper I)
	Routine analysis of IgG subclass levels in patients with CLL is probably not warranted

	Conjugated pneumococcal vaccine triggers a better immune response than polysaccharide pneumococcal vaccine in patients with chronic lymphocytic leukemia – a randomized study by the Swedish CLL group (Paper II)
	In patients with previously untreated CLL, the efficacy of PCV13 on immune response is superior to PPSV23

	Utility of Broncho Alveolar Lavage in Diagnosing Respiratory Tract Infections in Patients with Hematological Malignancies: Are Invasive Diagnostics Still Needed? (Paper III)
	BAL is still a valuable method for diagnosing respiratory tract infections in patients with hematological malignancies

	A pilot phase I dose-finding safety study of the thrombopoietinreceptor agonist, eltrombopag, in patients with myelodysplastic syndrome treated with azacitidine (Paper IV)
	Eltrombopag in combination with azacitidine in high-risk MDS patients with thrombocytopenia is feasible and well tolerated


	Conclusions and Future Perspectives
	Svensk populärvetenskaplig sammanfattning
	Acknowledgments
	References



