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Background. Patients with hematological malignancies (HM) are known to carry an increased risk of invasive pneumococcal
disease (IPD). However, temporal variations in IPD risks following a cancer diagnosis remain poorly characterized. To inform vac-
cine guidelines and patient management, we assessed the IPD incidence among patients with HM and other malignancies.

Methods. The study population included all individuals aged >15 years during 2000-2016 in Denmark. Variations in incidences
of IPD over time and between different types of hematological malignancies and diagnoses were assessed by Poisson regression.

Results. During 85 002 224 person-years of observation, 13 332 episodes of a first IPD were observed, of which 765 (5.7%) oc-
curred among individuals with HM. Among HM patients, the IPD incidence rate decreased continuously during the study period
(rate ratio per year,0.91; 95% confidence interval, .90-.92). The risk of IPD in patients with HM was up to 39 times higher when
compared to the background population and was highest for multiple myeloma, acute lymphoblastic leukemia, and chronic lym-
phocytic leukemia. Unlike other malignancies, the increased IPD risk did not wane with the time since HM diagnosis. We found a
vaccination uptake of only <2% in patients with HM and <1% for those with other types of malignancies.

Conclusions. Adults with HM in general and patients with lymphoid malignancies in particular have an increased risk for IPD,
compared with patients with other types of cancer and with individuals free of cancer. The pneumococcal vaccination uptake is ex-

tremely low in this at risk-population. Efforts to prevent IPD in HM patients are continuously warranted.
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Streptococcus pneumoniae is part of the normal nasopharyngeal
flora but may also cause severe and potentially fatal diseases,
such as pneumonia, bacteremia, and meningitis [1]. The risk
of IPD is increased among immunocompromised individuals
[2]. Patients with hematological malignancies (HM) are among
those with the highest risk of IPD, with incidences ranging be-
tween 13-50 times higher when compared with the background
population, and with HM patients accounting for up to 10% of
all IPD episodes in adults [1-5].

The epidemiology of IPD and specific pneumococcal sero-
types is complex due to serotype replacement following vaccine
introduction, seasonal variation, and cyclic serotype patterns [6,
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7]. After the introduction of pneumococcal conjugate vaccines
(PCV) in the childhood vaccination program, the incidence of
IPD overall decreased markedly in Denmark [6]. However, it
is not known whether these changes observed in the general
population also apply to high-risk groups, including patients
with HM. Such knowledge is important for the continued risk
assessments and vaccination recommendations for this group
of patients.

Pneumococcal vaccination is strongly recommended for the
prevention of IPD in individuals with HM, but the evidence
for vaccine effectiveness remains low [8]. Among patients with
HM, vaccination coverage remains low despite multiple en-
counters with the health-care system [9]. Although the national
vaccination guidelines recommend vaccinations to patients
with immunosuppression, some current Danish hematolog-
ical guidelines do not recommend pneumococcal vaccines as
standard of care [10, 11]. A general lack of knowledge about
vaccination, concerns about the immunogenicity of vaccines,
and a poor understanding of the risk of IPD for this group of
patients may play a role.
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To report precise incidence rates and examine temporal
patterns of IPD incidences among HM patients, as well as in
the background population, we undertook this nationwide
cohort study.

We explored temporal changes in the risk of IPD and asso-
ciated mortality in adults with HM, compared to the risk in
patients with non-hematological cancers and cancer-free indi-
viduals during 16 years in Denmark. We also studied the dif-
ferences in risk according to the type of malignancy and the
time at which patients are at highest risk after a diagnosis.
Pneumococcal serotype-specific changes were also explored in
relation to the general introduction of PCV in the childhood
immunization program.

METHODS

We conducted a nationwide, population-based cohort study
including all individuals in Denmark during 2000-2016.
Nationwide registers were linked using the unique personal
identification numbers, registered in the Civil Registration
System, that have been given to all residents since 1968 [12].

National Surveillance Data on Invasive Pneumococcal Disease

We obtained information on IPD from the Danish laboratory
surveillance system [13]. We defined IPD when isolates were
obtained from cerebrospinal fluid, blood, pleura, or another
sterile anatomical site. IPD isolates have routinely been sero-
typed at the reference laboratory at Statens Serum Institut since
1938 [6].

On 1 October 2007, the 7-valent PCV (PCV7) was introduced
into the Danish childhood immunization program in a 2 + 1
schedule. The vaccine was offered free of charge to all children,
with doses at 3, 5, and 12 months of age. In April 2010, PCV7
was replaced by the 13-valent PCV (PCV13) [14]. Sequential
pneumococcal vaccination (PCV13 followed by pneumococcal
polysaccharide vaccine [PPV] 23) has been recommended for
at-risk groups outside the childhood vaccination program since
2014 [15]. Current recommendations include the vaccination
of immunocompromised patients and patients with certain
underlying conditions. Consequently, we categorized pneumo-
coccal serotypes according to those included in PPV23 and dif-
ferent PCV vaccine formulations: PCV7 (serotypes 4, 6B, 9V,
14, 18C, 19F, and 23F); additional PCV13 serotypes (1, 3, 5, 6A,
7F, and 19A), PPV23 non-PCV13 serotypes (2, 8, 9N, 10A, 11A,
12F, 15B, 17F, 20, 22F, and 33F), and non-vaccine serotypes
(non-VT), defined as all serotypes not included in any of the
mentioned vaccines.

Danish Cancer Register

The Danish Cancer Register contains information on all in-
cident cancers in Denmark since 1943 [16]. We identified
all individuals registered with Hodgkin lymphoma (HL),
non-Hodgkin lymphoma (NHL), multiple myeloma (MM),

acute lymphoblastic leukemia (ALL), chronic lymphocytic
leukemia (CLL), acute myeloid leukemia, chronic myeloid
leukemia, other leukemias, myelodysplastic syndrome, or
myeloproliferative neoplasm (MPN), as well as individuals with
any non-hematological cancer in the period between 1995 and
2016 (Supplementary Table 1).

Danish National Patient Register

Since 1978, all admissions to Danish hospitals (including
diagnoses, time of admission, and time of discharge) have
been registered in the Danish National Patient Register [17].
We obtained information on the following morbidities: con-
gestive heart failure, chronic pulmonary disease, hemiplegia,
dementia, rheumatic disease, diabetes with complications,
moderate/severe renal disease, moderate and severe liver di-
sease, human immunodeficiency virus/AIDS, and splenec-
tomy after 1995 and during follow-up [18, 19] (Supplementary
Table 2).

The Danish National Health Service Register and the Danish Prescription
Register

To identify vaccinations in our cohort, we used the service
code 8940 for vaccination from the Danish National Health
Service Register, the procedure code BPNA92 from the Danish
National Patient Register, and the anatomical therapeutic clas-
sification code JO7AL from the Danish Prescription Register,
which identified all individuals receiving a pneumococcal
vaccine at a hospital, a reimbursed vaccination at the general
practitioner, or a prescription for a pneumococcal vaccine, re-
spectively [20]. Reimbursed vaccinations at the general practi-
tioner cover vaccination with PPV23 and, since October 2012,
also cover vaccination with PCV13 to individuals at a high risk
of IPD. Importantly, the code for reimbursed vaccinations at the
general practitioner also covers hepatitis B vaccines to persons
with trisomy 21 or following needle stick injuries. None of the
codes provide information on whether PPV23 or PCV13 was
administrated.

Statistical Methods

We followed all residents in Denmark from age 15 years or
the year 2000, whichever came last, until IPD, the end of 2015,
date of emigration, death, or age 100 years, whichever came
first. Individuals with IPD prior to the study entry and indi-
viduals previously treated for childhood cancer were excluded
from the cohort. Population incidence rates were calculated
for each sex, calendar year, and 5-year age group (ie, 15-19,
20-24, ..., 95-99 years). Calendar years were grouped into 4
successive periods, corresponding to the PCV introduction
(ie, 2000-2006; 2007-2009; 2010-2012; 2013-2015). The indi-
vidual follow-up time and corresponding population rates were
stratified according to the presence of the selected morbidities
and by vaccination status, with both treated as time-dependent
covariates. The case fatality rate (CFR) was defined based on
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deaths within 30 days of IPD. Incidence rates are shown as IPD
events per 100 000 person-years (PY) at risk.

Follow-up data were analyzed using Poisson regression models,
with IPD episodes as the outcome and log person-years as offset
[21]. The association between a vaccine and IPD was tested
within the specific HM, adjusted for sex, age, calendar year, and
comorbidities. We did a sensitivity analysis including only data
from the Danish National Patient Register, the Danish National
Health Service Register, or the Danish Prescription Register, or
from pairwise combinations of the 3 registers, to examine how
the vaccination effect changed. Models were compared by means
of the log likelihood ratio tests. All effect estimates are presented
as rate ratios (RRs) with 95% confidence intervals (CI).

All data management was performed using SAS Statistical
Software 9.4 using the stratify macro (SAS Institute, Inc.,
Cary, NC) [21]. All statistical analyses were performed in R
version 3.2 (R Development Core Team, Vienna, Austria).
The study was approved by the Danish Data Protection
Agency (2015-57-0102). The data that support the find-
ings of this study are archived at governmental institutions
in Denmark, and can be obtained through applications to
relevant data agencies.

RESULTS

During 85 002 224 person-years of observation, 13 332 first
IPD episodes were observed among 6 971 406 individuals from
2000 to 2016. Of all IPD episodes, 765 (5.7%) episodes occurred
among individuals with HM. The overall IPD incidence rate for
the first episode was 15.7 IPDs/100 000 PY across all periods
and age groups.

IPD incidence rates were higher for individuals with HM,
compared with individuals without HM (421.1 vs 12.7/100 000
PY, respectively). The risk of IPD increased with age both in
individuals without HM (RRpex year = 1.06; 95% CI, 1.05-1.06)
and in patients with HM (RRPer vear = 1:01595% CI, 1.01-1.02;
Figure 1). The overall incidence rate of IPD decreased continu-
ously during the study period (RR = 0.96;95% CI, .96-.97;
Figure 1). The decrease in the IPD incidence rate was more
=0.91; 95% CI,

=0.97; 95%

er year

er year

pronounced among patients with HM (RR, e
.90-.92) than among individuals without (RRp
CI, .96—-.97; Figure 1).

During the study period, the incidence of IPD caused by
PCV?7 serotypes decreased both for individuals with and without
HM (Figure 2). The incidence rates of IPD caused by additional
PCV13 serotypes also decreased slightly after PCV13 introduc-
tion, while no changes were seen for PPV23 non-PCV13 sero-
types. The decreases in PCV7 and additional PCV13 serotypes
coincided with the introduction of PCV7 and PCV13 into the
childhood vaccination program. The incidence of IPD caused
by non-VT increased during the study period (RR = 1.07;
95% CI, 1.06-1.09; Figure 2; for details on each serotype, see
Supplementary Figure 1).

Incidence of Invasive Pneumococcal Disease According to Type of
Hematological Malignancy

The crude incidence rate of a first IPD was lowest for individ-
uals without any malignancy (12.7; 95% CI, 12.4-12.9) fol-
lowed by the combined group of non-hematological cancers
(70.9; 95% CI, 68.1-73.8) and the combined group of HM pa-
tients (421.1; 95% CI, 392.3-452.0). CFR also varied greatly
(range 0-26%) between patient groups, with the highest CFR
observed among individuals with a non-hematological malig-
nancy and the lowest among individuals diagnosed with MPN,
other types of leukemia, and acute myeloid leukemia (Table 1;
Supplementary Table 3).

The incidences of IPD varied markedly between different
types of HM. Incidence rates were lowest for MPN (70.9; 95%
CI, 47.5-105.8) and HL (110.0; 95% CI, 71.0-170.0) and highest
for individuals with CLL (444.7; 95% CI, 381.4-518.5) and MM
(1857.1;95% CI, 1667.4-2068.3; Table 1).

In the regression model adjusted for calendar year, age, sex,
and the presence of comorbidities, MM patients had the highest
risk of IPD, with an RR of 38.9 (95% CI, 34.9-43.3), followed by
ALL (RR =36.9; 95% CI, 21.4-63.5) and CLL (RR = 8.5; 95%
CI, 7.3-10.0; Table 1).

Risk of Invasive Pneumococcal Disease by Time Since Malignancy

The risk of IPD among patients with any malignancy was
highest during the first 2 years after the cancer diagnosis, with
RRs of 4.7 (95% CI, 4.0-5.7) during the first year and 2.5 (95%
CI, 2.0-3.0) during the second year (Figure 3A). The risk of
IPD over time varied by underlying malignancy: that is, among
patients diagnosed with non-hematological cancer, the RR de-
creased rapidly after the first year of diagnosis, but for patients
diagnosed with CLL, NHL, and MM, the RR was uniformly el-
evated or even increased over time (Figure 3B).

Use of Pneumococcal Vaccine Among Patients with Malignancies
During 74 537 person-years at risk among 12 977 vaccin-
ated individuals, 35 episodes of first IPDs were observed. The
Danish National Patient Register, Danish National Health
Service Register, and Danish Prescription Register contributed
1505, 5011, and 6461 registrations of vaccination, respectively.
This corresponded to 0.17% of the study population without
malignancies receiving a pneumococcal vaccine, compared
with 1.64% among those with HM and 0.13% among those with
non-hematological cancers (Supplementary Figure 2).

Incidence Rate Among Vaccinated Individuals

Among vaccinated individuals, the mean annual incidence of IPD
was 56.2/100 000 PY. Compared with unvaccinated individuals,
vaccinated individuals without malignancy had a lower incidence
rate of IPD (12.7 vs 10.6/100 000 PY, respectively) as did vaccin-
ated MM patients compared with unvaccinated MM patients
(1430.3 vs 1857.1/100.000 PY, respectively). In contrast, vaccin-
ated patients with other hematological or non-hematological
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Figure 1. Incidence of invasive pneumococcal disease in the Danish population. The y-axis shows the number of cases per 100 000 PY, and the x-axis shows age stratified

by the presence of a hematological malignancy and grouped in 4 calendar periods. Abbreviations: HM, hematological malignancies; PY, person years.

malignancies had a higher incidence compared with unvaccinated
patients (Supplementary Table 3; Supplementary Figure 2).

Distribution of Serotypes in Unvaccinated and Vaccinated Individuals

The distribution of specific serotypes varied somewhat between
vaccinated and unvaccinated individuals. Among unvaccinated
individuals, 1593 (12.0%) IPD cases were caused by non-VT sero-
types, 3359 (25.2 %) by PCV7 serotypes, 4526 (34.0%) by addi-
tional PCV13 serotypes, and 3819 (28.7%) by PPV23 non-PCV13
serotypes. In vaccinated individuals, the corresponding serotype
distribution was 4 (11.4%) cases caused by non-VT serotypes, 12

(34.3%) by PCV7 serotypes, 5 (14.3%) by additional PCV13 sero-
types, and 14 (40.0%) by PPV23 non-PCV13 serotypes.

DISCUSSION

In this nationwide cohort study, adult individuals with HM had
up to a 39-fold increased risk of IPD when compared with the
background population. The risk of IPD varied considerably by
type of HM and by time after the cancer diagnosis. We observed
a 3.5% annual decrease in the incidence of IPD in the adult
population in conjunction with the introduction of PCV in the
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Figure 2. Incidence rates of invasive pneumococcal disease in the Danish population for individuals with and without a hematological malignancy according to serotypes
included in pneumococcal vaccines. The vaccine groups were PCV7 (PCV7 serotypes), additional PCV13 serotypes (serotypes covered by PCV13 but not PCV7), PPV23 non-
PCV13 serotypes (serotypes that are covered by PPV23 but not by PCV13), and non-VT (non-VT, defined as all serotypes that are not covered by PCV7, PCV13, or PPV23).
Abbreviations: PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal polysaccharide vaccine;

VIT, vaccine serotype.

childhood vaccination program. The decrease in the IPD inci-
dence rate was more pronounced among individuals with HM;
specifically, 9% annually. This suggests a strong and differential
indirect effect of pneumococcal vaccination in this highly sus-
ceptible population, but changes in patient demographics and/
or health care, as well as advances in cancer and supportive care,
may all have contributed to the observed temporal variations
[5]. Specifically, during the study period there have been enor-
mous developments in the treatment of HM, most markedly in

CLL, MM, chronic myeloid leukemia, and NHL. In the same
period, PCV was introduced to the childhood vaccination pro-
gram, which may also have changed the risk of IPD signifi-
cantly for these patients. Moreover, the new treatment regimens
have increased the prevalence of HM; namely, through patients
living after or with HM in the population.

We observed an IPD incidence rate of 421.1 per 100 000
person years among individuals with HM. This is comparable
with previous reports from the United States, Canada, Scotland,
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Table 1.
2000-2016

Incidence and Case Fatality Rates of Invasive Pneumococcal Diseases in Patients With and Without Hematological Malignancies, Denmark

Events Incidence Case Fatality Rate

Person-years () (100,000 PY) (95% CI) (%) Ll R (17 )

Disease

No malignancy 81428279 10303 12.7 (12.4-12.9) 14 . Reference

Nonhematological malignancy 3361648 2382 709 (68.1-73.8) 26 . 1.78 (1.70-1.87)

Hematological malignancy 178616.45 742 415.4 (386.6-446.4) 16 - 9.53 (8.85-10.27)

Non-Hodgkin lymphoma 70093 184

262.5 (227.2-303.3) 4.85 (4.19-5.61)

Chronic lymphocytic leukemia 36655

1857.1 (1667.4-2068.3) 18 38.86 (34.88-43.29)

163 444.7 (381.4-518.5) 8.53 (7.32-9.95)

Multiple myeloma 17824

Acute myeloid leukemia 7213 23 318.9 (211.9-479.8) 4 8.16 (5.37-12.42)

Myelodysplastic syndrome 10164 196.8 (127-305) 2.42 (1.56-3.76)

Other types of leukemias 6319 11 174.1(96.4-314.4) 0 3.48 (1.95-6.21)

T
0.5 1.0 20 5.0 10.0 20.0 50.0

PY, number of events, crude incidence rates, and case-fatality rates are shown for all groups. RR for IPD in individuals with a hematological malignancy are adjusted for age, gender, calendar

year, morbidity, and type of malignancy. Persons with more than one malignancy count multiple times for person years, events, and incidences.
Abbreviations: Cl, confidence interval; IPD, invasive pneumococcal disease; PY, person years; RR, rate ratio.

and Sweden [1-5]. The risk of IPD differed greatly between dif-
ferent types of HM, but also by the time of diagnosis. The risk of
IPD was highest in patients with MM, ALL, and CLL. This was
true also when the time since diagnosis was taken into considera-
tion; that is, the relative risk of IPD was increased during the first
5 years after a CLL diagnosis. This is consistent with our current
understanding of the immune dysfunction in many HM cases.
In CLL, the immune function becomes progressively impaired as
the disease evolves and as patients receive treatment [22, 23]. In
contrast, in many solid tumors (and possibly also in some cur-
able HMs) the immune function recovers following successful
treatment of the tumor. Thus, the mechanisms underlying the in-
creased IPD risk shortly after a cancer diagnosis are not identical
to those influencing the IPD risk among long-term cancer sur-
vivors, adding another layer of complexity to the direct compar-
ison of reported incidence rates and risk estimates. The acute and
progressive immune dysfunction may emphasize the importance
of early vaccination immediately after a diagnosis. However, to
complicate matters, the immune response may be impaired in pa-
tients with malignancies [24-28].

We found remarkably low levels of adult pneumococcal vac-
cination, both among the background population and in those
with a cancer diagnosis. We did not find evidence of protection

after pneumococcal vaccination among vaccinated individuals,
except for patients with MM and cancer-free individuals. This
may reflect the poor immune responses to vaccination in ge-
neral, but also elements of confounding by indication. Since
many patients are not routinely vaccinated, vaccination is based
on a clinical assessment of the risk of IPD, and the markedly
increased IPD occurrence among vaccinated patients may sug-
gest that treating physicians were able to accurately identify
particularly susceptible cancer patients and vaccinate them
[9]. Although pneumococcal vaccines are recomended and
reimbursed for high-risk patients in Denmark, many current
guidelines for the management of hematological patients do not
recommend sequential pneumococcal vaccination as a standard
of care [10, 11]. This may explain the low vaccine uptake found
in our study.

Our study had several limitations. First, we identified those
individuals receiving a pneumococcal vaccine in three different
registers, but we did not have any information on the type of
pneumococcal vaccine, nor did we include information on re-
vaccination. Furthermore, the completeness of these registers
for assessing pneumococcal vaccination coverage is not known,
and there might be sources of errors, such as the misclassifi-
cation of the vaccine administrated or missing registrations.
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Figure 3. Time to invasive pneumococcal disease since time of diagnosis of malignancy. A, Individuals with any nonhematological malignancy. B, Individuals with and
without hematological malignancies. RR estimates are adjusted for age, gender, calendar year, comorbidity, and type of malignancy. The y-axis shows the RR, and the x-axis
shows the time since malignancy, with 0 being the year of diagnosis. Abbreviations: Cl, confidence interval; CLL, chronic lymphocytic leukemia; IPD, invasive pneumococcal
disease; RR, rate ratio.
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Therefore, we interpret these results with caution. Secondly, the
definition of IPD is highly specific, including only laboratory-
confirmed cases, which may grossly lead to underestimations
of the real burden of the disease. Thirdly, we did not have any
information on important lifestyle factors associated with an in-
creased risk of IPD, such as smoking, alcohol consumption, and
crowding [29, 30]. Lastly, we did not have any information on
specific treatments for the different malignancies, and different
thresholds for blood culture sampling between medical special-
ties may also have contributed to our findings by introducing a
surveillance bias. Patients with HM are often more intensively
monitored and may have more active health care-seeking be-
haviours, compared with other patients, and a microbiological
diagnosis therefore more likely precedes the prescription of
antibiotics in these patients. This interpretation would also ex-
plain the difference in CFRs we found, and this has also been
described among human immunodeficiency virus patients [31].

We could not assess the reasons for not vaccinating patients
for whom the vaccine was indicated, and the opportunity for
pneumococcal vaccination is often missed during health-care
encounters. Physicians may have deemed that patients would
not respond to pneumococcal vaccination due to their under-
lying disease or therapy, and some patients may have received
the vaccination without an appropriate registration. However,
excluding vaccination from the Danish National Health Service
Register showed no different results.

Acknowledging these limitations, this is the largest study
to date reporting IPD rates in adults with HM. We show that
adults with HM in general and patients with lymphoid malig-
nancies in particular are at an increased risk of IPD, compared
both with patients with other types of cancer and with individ-
uals free of cancer. We found very low uptakes of pneumococcal
vaccination in this group. Efforts to prevent IPD in patients
with HM are continuously warranted.

Supplementary Data
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Consisting of data provided by the authors to benefit the reader, the posted
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