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Summary
Background Routine antibiotic prophylaxis against pneumocystis jirovecii pneumonia (PJP) is recommended during 
concurrent temozolomide and radiotherapy (TMZ-RT) for glioma based on early small studies. However, true PJP 
risk may be far lower, raising questions about the value and harms of universal prophylaxis.

Methods We conducted a systematic review (PROSPERO: CRD42021292396) of studies reporting PJP incidence 
among glioma patients treated with TMZ-RT. MEDLINE, Embase, and the Cochrane Central Register of Controlled 
Trials were searched from inception to May 1, 2025. Outcomes included overall PJP incidence and rates stratified by 
prophylaxis, corticosteroid exposure, and lymphopenia.

Findings Of 3791 records, 35 studies (13,637 patients, 12,301 received TMZ-RT) met eligibility criteria. Across 24 
studies confirming PJP, 71 cases occurred among 12,056 TMZ-RT patients—a pooled incidence of 0.74% (95% 
CI, 0.59–0.93%) with minimal heterogeneity (Q = 23.3, p = 0.44; I 2 = 1.4%). Seventeen studies detailed 
prophylaxis: 55.1% (2942/5341) of patients received it; PJP incidence was 0.8% (14/1765) with versus 0.3% (9/ 
2719) without prophylaxis. Baseline corticosteroid exposure was reported in 13 studies (n = 5908: median 49.5%, 
range 27.3%–82.3%), and grade 3–4 lymphopenia in 15.2% (319/2102) of TMZ-RT patients. Incomplete study-
level reporting precluded robust risk factor-adjusted analyses.

Interpretation Across heterogeneous populations and study designs, the pooled PJP incidence associated with TMZ-
RT was 0.74% (95% CI, 0.59–0.93%). Due to the heterogeneity in study populations and designs, lack of standardized 
diagnostic confirmation, and incomplete reporting of steroid administration, this finding should be interpreted with 
caution. Currently available evidence suggests the risk of PJP is lower than the commonly cited 3.5% threshold for 
prophylaxis. Well-designed prospective studies are needed to clarify true infection risk and inform prophylaxis decisions.
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Introduction
Pneumocystis jirovecii is an opportunistic fungal species 
that can cause the syndrome of pneumocystis jirovecii 
pneumonia (PJP) in immunocompromised individuals. 
PJP is characterized by dyspnea, cough, and interstitial 
pulmonary infiltrates, and may progress to fulminant 
respiratory failure. Pneumocystis jirovecii asymptomati-
cally colonizes 20% of healthy adults, 1 but it can cause 
lethal, tissue-invasive disease in susceptible patients. 2,3 

The risk of PJP is particularly well known amongst 
patients with human immunodeficiency virus (HIV) 
with low CD4 T lymphocyte counts. PJP in non-HIV 
patients has a characteristically more aggressive dis-
ease course and is most prevalent in patients un-
dergoing hematologic malignancy treatment. 4,5 The 
risk of infection varies by intensity of concurrent 
chemotherapy treatment and ranges from two to 
22%. 5 For such patients, antibiotic prophylaxis with 
trimethoprim-sulfamethoxazole (TMP-SMX) is 
routinely recommended to reduce PJP incidence and 
mortality. 2

The evidence supporting routine PJP prophylaxis 
during the treatment of glioblastoma multiforme (GBM) 
and lower grade gliomas with temozolomide (TMZ) given 
concurrently with radiotherapy (TMZ-RT) is limited. In 
the landmark phase II trial of concurrent and adjuvant 
TMZ-RT, two severe PJP cases occurred amongst the first 
15 patients who did not receive PJP prophylaxis. 6 As a 
result, antibiotic prophylaxis became mandatory and was 
routinely implemented in subsequent clinical trials that 
utilized TMZ-RT. Regulatory agencies, including the 
U.S. Food and Drug Administration (FDA), Health 
Canada, and Cancer Care Ontario (CCO), specify in 
their TMZ product monographs that PJP prophylaxis is 
required for all patients receiving TMZ-RT. 7–9 The only

major guideline to qualify this recommendation is from 
the National Comprehensive Cancer Network (NCCN), 
which advises prophylaxis during TMZ-RT and until 
lymphocyte recovery. 10 The American Society of Clinical 
Oncology (ASCO) does not instruct on prophylaxis 
during TMZ-RT specifically, but does recommend its 
use for patients receiving chemotherapy regimens 
associated with greater than 3.5% PJP risk. 11 The Eu-
ropean Society for Medical Oncology (ESMO) similarly 
recommends prophylaxis in patients undergoing TMZ-
RT. 12

TMZ-RT followed by adjuvant TMZ remains a 
standard frontline treatment of both high- and 
low-grade gliomas. 8 Based on formal recommen-
dations, PJP prophylaxis is required in all cases. 
However, the possible toxicities of TMP-SMX, the 
most common prophylactic antibiotic for this 
indication, include severe and possibly life-
threatening dermatologic eruptions, blood dyscra-
sias, kidney injury. 13

A meta-analysis of 12 trials of PJP prophylaxis 
determined the rate of severe adverse effects to be 3.1%. 2 

Therefore, PJP prophylaxis with TMP-SMX would only 
be recommended if the risk of PJP infection exceeded 
3.5%. There is no randomized controlled trial data 
reporting PJP risk amongst patients receiving TMZ-RT 
with and without prophylaxis. Most real-world reports 
on PJP risk are based on cohort studies. Furthermore, 
only 70% of oncologists in the US and 42% of on-
cologists in Canada routinely prescribe PJP 
prophylaxis. 14,15

The primary objective of this systematic review was 
to identify and consolidate relevant clinical reports of 
PJP in glioma patients treated with TMZ-RT to estimate 
real-world PJP incidence rates.

Research in context

Evidence before this study
Antibiotic prophylaxis against pneumocystis jirovecii 
pneumonia (PJP) during glioma treatment was prompted by 
the pivotal phase II clinical trial of temozolomide plus 
radiotherapy (TMZ-RT) in which two PJP cases occurred 
among the first 15 patients. The subsequent phase III EORTC 
22981/26,981/NCIC CE.3 trial which established the survival 
benefit of TMZ-RT mandated routine PJP prophylaxis. 
Subsequent cohort studies have reported much lower PJP 
rates, questioning the need for universal prophylaxis.

Added value of this study
This systematic review and meta-analysis summarizes data 
from over 13,000 glioma patients treated with TMZ-RT to 
explore the real-world risk of PJP and reports a pooled

incidence of 0.74%. While guideline recommendations 
support prophylaxis, many patients were not given 
preventive treatment. The available evidence suggests the 
risk may be lower than the commonly cited 3.5% threshold, 
but this remains uncertain.

Implications of all the available evidence
Current evidence indicates that the risk of PJP during and 
after TMZ-RT appears low, though limitations in the data 
prevent firm conclusions. While routine prophylaxis for all 
glioma patients may not be clearly justified based on existing 
evidence, decisions should be individualized, considering 
patient-specific risk factors and acknowledging the need for 
further high-quality studies.
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Methods
Research question and study eligibility criteria
We conducted a systematic literature review to address 
the questions: “What is the risk of PJP in glioma pa-
tients receiving TMZ-RT?” and “What is the current 
evidence guiding the management of PJP risk in this 
population?”. The review was reported in accordance 
with Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) guidelines. 16 The initial 
protocol was registered to the PROSPERO database 
(CRD42021292396).
We used the Population-Intervention-Comparator-

Outcomes framework to organize the review. The 
population included patients aged ≥18 years with 
histologically-confirmed glioma including diffuse oli-
godendroglioma (DO), diffuse astrocytoma (DA), 
anaplastic oligodendroglioma (AO), anaplastic astrocy-
toma (AA), GBM, and IDH-mut grade 4 astrocytoma 
treated with TMZ-RT. The primary outcome was PJP 
incidence among patients treated with TMZ-RT, overall 
and in prophylaxis usage subgroups. Secondary out-
comes included PJP incidence according to corticoste-
roid exposure and lymphopenia, and patterns of 
prophylactic antibiotic selection.

Search strategy and study selection
A research specialist (R.S.) designed and executed the 
electronic literature search in MEDLINE, EMBASE, and 
Cochrane Central Register of Controlled Trials. The 
search strategy (Appendix 1) encompassed MeSH and 
free text words “glioma”, “oligodendroglioma”, “astro-
cytoma”, “oligoastrocytoma”, “glioblastoma”, “temozo-
lomide”, and their derivatives from 1946 to February 1, 
2022. Two updated searches using the same search 
strategy were completed on January 1, 2024, and May 1, 
2025, respectively. Eligible studies included random-
ized clinical trials and cohort studies involving at least 
30 patients. Non-English publications, case reports, 
commentaries, and editorials were excluded.
Publications were screened in two stages by two in-

dependent reviewers. During stage 1, studies were 
selected based on title and abstract. In stage 2, subsequent 
publications underwent full-text review. Disagreements 
were adjudicated by a third team member (T.L.N.).

Data abstraction and risk of bias assessment
All eligible publications were abstracted for pre-
specified study characteristics, patient cohort informa-
tion and study outcomes using a standardized abstrac-
tion form. Study characteristics included primary 
author, year of publication, design, countries of 
involvement, dates of study enrollment and follow-up, 
and study objectives. Patient information included 
pathologic diagnosis (including WHO classification) 
and cancer treatments received (including proportion of 
the study cohort receiving TMZ-RT). Key study out-
comes included total number of PJP cases, number of

PJP cases with and without concurrent TMZ-RT, 
number of PJP cases with and without PJP prophy-
laxis, number of PJP cases associated by lymphopenia, 
lymphopenia severity, and corticosteroid usage at time 
of PJP diagnosis and at baseline. Baseline referred to 
the time point when starting assigned treatment. Data 
on the types of PJP prophylaxis used and the number of 
pneumonia cases not otherwise specified were also 
collected.
Risk-of-bias for prospective studies was assessed 

using the Cochrane Collaboration’s Risk of Bias Tool 
2. 17 A study was categorized as high risk-of-bias if one 
or more of five domains of bias was deemed high risk. 
For retrospective studies, risk-of-bias was assessed us-
ing a modified Newcastle–Ottawa Scale (NOS). 18 The 
overall study quality regarding the outcome of PJP 
incidence was categorized as good, moderate, or poor 
based on the number of criteria fulfilled.

Statistics
For each study, the number of PJP cases and the total 
number of patients were entered into Comprehensive 
Meta-Analysis (CMA, version 4). CMA calculated study-
specific incidence (the proportion of patients with PJP) 
and pooled them using random-effects models with the 
DerSimonian-Laird estimator. Independent replication 
and figure production (forest and funnel plots) were 
performed in R (version 4.5.1) using the meta package. 
The primary analysis applied a random-effects model 
with logit transformation, which stabilizes within-study 
variance and accommodates rare events. To assess 
robustness, sensitivity analyses were conducted using 
the Freeman-Tukey double arcsine (PFT) trans-
formation and raw proportions. Alternative model 
specifications were examined, including fixed-effects 
models and random-effects models with the Hartung-
Knapp adjustment, which provides more conservative 
confidence intervals.
Between-study heterogeneity was quantified using 

the Q statistic, τ 2 , and I 2 with 95% confidence intervals. 
Prediction intervals were calculated to describe the ex-
pected range of incidence rates in future studies. Po-
tential small-study effects and publication bias were 
evaluated visually using funnel plots and formally using 
Egger’s regression test. Duval and Tweedie’s trim-and-
fill method was applied to estimate the potential influ-
ence of unpublished studies on the pooled effect.

Ethics
As this systematic review and meta-analysis was con-
ducted using data from previously published studies, 
and confidential data was not involved, informed con-
sent and ethical approval were not required.

Role of funding source
The Deanship of Graduate Studies and Scientific 
Research at Qassim University provided financial
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support solely for the article processing charge (APC) of 
this study. The funding body had no role in the study 
design, data collection, data analysis, data interpreta-
tion, or writing of the report. All authors had full access 
to the data and take full responsibility for the integrity 
and accuracy of the analysis. There are no other fund-
ing sources to disclose.

Results
Study characteristics
The initial systematic search up to February 2022 
identified 2549 citations. In stage 1 screening, 1843 
citations were excluded. In stage 2 screening, 685 
studies were excluded. The remaining 21 publications 
were included for data abstraction. 6,19–38 An additional 
systematic search to January 2024 identified 454 further 
citations. In stage 1 screening, 308 publications were 
excluded. In stage 2 screening, 139 studies were 
excluded. The remaining 7 were included in the final 
analysis. 39–45 A third search up to May 1, 2025 identified 
788 citations. In stage 1 screening, 704 studies were 
excluded. In stage 2 screening, 77 were excluded. The 
remaining 7 were included in the final analysis. 46–52 In 
total, 35 publications fulfilled eligibility criteria (Fig. 1). 
Included studies were published between 2002 and 

2025. Fourteen involved the USA, 21,22,25,27,35–37,41,46–51 six
with Canada, 29,33,42,43,46,47 and six with Italy. 20,34,38,44,46,47

Study designs included 20 prospective studies (seven 
randomized controlled trials 25,29,36,41,46–48 and 13 single-
arm cohort studies 7,18,20,22,25,26,28,30,32,34,50–52 ) and 15 retro-
spective cohort studies (five with comparator
groups 20,29,38,42,43 and ten single cohort 21,24,30,32,33,35,37,44,45,49 ).
A primary outcome was defined in 21 publications
including overall survival (OS) in 12 
studies, 19,22,24,25,27,30,33,36,46–48 progression-free survival

(PFS) in four studies, 24,26,30,40 and PJP diagnosis in two 
studies. 42,43 Secondary and unspecified outcomes 
included efficacy (28 studies), safety/toxicity (26 
studies), and PJP incidence (one study) (Table 1).

Study risk of bias
Risk of bias assessments (Table 2) determined that all 
20 prospective studies demonstrated high overall risk 
primarily due to lack of randomization of PJP prophy-
laxis. Of the retrospective studies, 14 of 15 were 
considered poor quality, commonly from lack of 
reporting on the method of PJP diagnosis. One publi-
cation was considered high quality based on its usage 
and reporting of validated PJP diagnostic methods 
amongst a comprehensive population of high-grade 
glioma patients. 37

Patient characteristics
The 35 publications included a total of 13,637 patients 
(range, 33 to 5130 per study). Brain cancer diagnoses 
were specified for 8328 patients (GBM n = 6,999, AA 
n = 489, AO n = 251, DA n = 168, DO n = 79, astro-
cytoma grade 4 n = 288, gliosarcoma n = 18) and were 
missing or unspecified for 5294 patients. WHO classi-
fication systems varied across studies due to evolving 
diagnostic criteria. 53–57 Twenty-five studies did not 
report which WHO classification system was used, 
whereas ten studies did (1993 n = 1, 2000 n = 2, 2002 
n = 1, 2007 n = 2, 2016 n = 2, 2021 n = 2).
In total, 12,301 of 13,637 patients (90.2%) received 

TMZ-RT. The remaining 1336 patients belonged to 
comparator cohorts: 603 (4.4%) TMZ-RT with an 
investigational agent, 75 (0.5%) TMZ after RT, 462 
(3.3%) RT alone, 128 (0.9%) TMZ alone, 43 (0.3%) best-
supportive care, and 25 (0.2%) with unknown post-
operative management. Table 3 summarizes study

Primary literature search 
1946-Feb 1, 2022 

(n=2549)

Records screened during Stage 1 
(n=2549)

Eligible studies after screening 
(n=21)

Records screened during Stage 2 
(n=706)

Records excluded 
(n=1843)

Records excluded, with reasons 
(n=685)

• Insufficient reporting of PJP 
outcomes (n=623)

• Not English (n=26)
• Unable to access (n=9)
• Ineligible study design (n=5)
• No chemoradiation (n=4)
• Other (n=18)

Studies included in review 
(n=35)

Updated search #1 
Feb 2, 2022-Jan 1, 2024 

(n=454)

Records screened during Stage 1 
(n=454)

Eligible studies after screening 
(n=7)

Records screened during Stage 2 
(n=706)

Records excluded 
(n=304)

Records excluded, with reasons 
(n=143)

• Insufficient reporting of PJP 
outcomes (n=127)

• Ineligible study design (n=10)
• Unable to access (n=3)
• Not English (n=1)
• Other (n=2)

Updated search #2 
Jan 1, 2024-May 1, 2025 

(n=788)

Records screened during Stage 1 
(n=788)

Eligible studies after screening 
(n=7)

Records screened during Stage 2 
(n=84)

Records excluded 
(n=704)

Records excluded, with reasons 
(n=77)

• Insufficient reporting of PJP 
outcomes (n=45)

• Not English (n=2)
• Ineligible study design (n=29)
• No chemoradiation (n=1)

Fig. 1: PRISMA flow diagram outlining the study eligibility screening process across three separate literature searches of studies on pneu-
mocystis jirovecii pneumonia (PJP) in glioma patients receiving concurrent chemoradiation.
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Study Design Country Dates of 
patient 
enrollment

Study aim Primary
outcome(s)

Other
outcome(s)

Stupp, 2002 6 Phase II Switzerland NR Evaluate concurrent TMZ with RT and adjuvant TMZ. Safety, tolerability OS
Stupp, 2005 19 Phase III 15

countries
2000–2002 Randomize and compare concurrent TMZ with RT followed by

adjuvant TMZ to RT alone.
OS PFS, safety, QOL

Corsa, 2006 20 Retrospective 
chart review 

Italy 1997–2001 Compare outcomes of two cohorts, treated either with RT and 
adjuvant TMZ or with TMZ concurrent and adjuvant with RT. 

OS Toxicity

Gerber, 2007 21 Retrospective 
chart review 

USA 2004–2005 Evaluate myelosuppression with TMZ concurrent and 
adjuvant with RT.

Incidence of 
thrombocytopenia 

Hematologic toxicity

Brown, 2008 22 Phase I/II USA 2004–2005 Evaluate combination of standard concurrent TMZ with RT 
and erlotinib.

MTD, OS PFS

Dall’oglio, 2008 23 Phase II Italy 2005–2007 Evaluate dose-intense regimen of adjuvant TMZ following 
postoperative concurrent TMZ with RT.

Toxicity OS

Yaman, 2008 24 Retrospective 
chart review 

Turkey 2005–2007 Evaluate TMZ administered concurrently with RT and as 
consolidation.

OS, PFS Response, safety, prognostic 
factors

Clarke, 2009 25 Phase II USA 2005–2007 Randomize dose-dense and metronomic adjuvant TMZ after 
concurrent TMZ with RT, followed by 13-cis-retinoic acid and 
compare to historical controls.

OS PFS, toxicity

Weiler, 2010 26 Phase II Germany 2005–2006 Evaluate intensified adjuvant TMZ schedule before and after 
concurrent TMZ with RT, alongside indomethacin.

PFS PFS, OS, remission rate, 
toxicity

Grossman, 2011 27 Prospective 
cohort

USA 2004–2008 Follow patients with HGG receiving RT, TMZ, glucocorticoids 
and identify patterns of immunosuppression and 
complications including infection.

CD4 toxicity Infection, hospitalization, OS

Kim, 2011 28 Prospective Seoul 2003–2008 Evaluate concurrent TMZ with RT followed by adjuvant TMZ 
for WHO grade III gliomas.

OS PFS, KPS, toxicity

Cao, 2011 29 Retrospective 
chart review 

Canada 2000–2009 Compare upfront concurrent TMZ and hypofractionated RT to 
RT alone with salvage TMZ.

OS PFS, toxicity

Demirici, 2011 30 Retrospective 
chart review 

Turkey 2005–2010 Presentation of long-term experience with CCRT with TMZ 
followed by maintenance TMZ.

PFS, OS Toxicity

Iliadis, 2012 31 Prospective Greece 2005–2007 Explore significance of volumetric MR data in prognostic 
categorization in patients treated with postoperative RT and 
TMZ.

PFS, OS MGMT correlation

Malkoun, 2012 32 Retrospective 
chart review 

France 2006–2008 Evaluate prolonged maintenance TMZ after initial CCRT with 
TMZ.

Feasibility, and 
efficacy (OS, PFS) 

Prognostic factors

Pitz, 2012 33 Retrospective 
cohort 

Canada 2002–2008 Evaluate extended duration TMZ and cis-retinoic acid 
following CCR with TMZ.

OS PFS, toxicity

Salmaggi, 2013 34 Phase II Italy NR Evaluate carmustine wafers with CCRT with TMZ. RFS OS, toxicity
Tanaka, 2013 35 Retrospective

chart review 
USA 2003–2008 Review outcomes and treatment patterns including CCRT of

elderly patients.
OS PFS, toxicity

Clarke, 2014 36 Randomized 
trial 

USA 2007–2008 Evaluate CCRT with TMZ, in addition to erlotinib and 
bevacizumab.

OS PFS, safety

Neuwelt, 2014 37 Retrospective 
chart review 

USA 1999–2012 Evaluate PJP outcomes with adjuvant CCRT with TMZ and 
maintenance TMZ.

PJP incidence Treatment-related risk 
factors

Parisi, 2015 38 Retrospective 
analysis

Italy 1994–1996 Compare adjuvant RT to adjuvant CCRT with TMZ. OS PFS, prognostic factors, 
hematologic toxicity

Saran, 2021 39 Phase I UK 2009–2012 Define the toxicity and dose of afatinib in combination with 
RT.

MTD Toxicity, ORR, 
pharmacokinetics 

Lim, 2022 40 Phase III 19
countries

2016–2019 Randomize and compare concurrent TMZ and RT with 
nivolumab versus placebo.

PFS, OS Safety

Peters, 2022 41 Randomized 
trial 

USA 2011–2013 Randomize patients receiving CCRT with TMZ and RT to low-
dose naltrexone or placebo to determine impact on QOL. 

Patient-reported 
QOL

Patient-reported fatigue, 
adverse effects

Climans, 2022 42 Retrospective 
cohort

Canada 2005–2019 Identify and compare clinical features of patients who 
developed PJP during concurrent TMZ and RT with those who 
did not develop PJP.

PJP diagnosis Lymphocyte count, 
explanatory variables

Climans, 2022 43 Retrospective 
cohort 

Canada 2005–2019 Determine the risk of PJP during TMZ CCRT with and without 
antibiotic prophylaxis.

Risk of PJP OS, rate of hospitalization, 
rate of neutropenia 

Bruno, 2022 44 Retrospective 
case series

Italy 2015–2020 Investigate the impact of surgery and adjuvant treatment on 
survival including identification of relevant prognostic factors 
particularly amongst elderly patients.

PFS, OS Toxicity, prognostic factors

Demircan, 2023 45 Retrospective 
chart review

Turkey 2009–2019 Identify significant prognostic factors towards survival, 
including the effects of lymphopenia and the importance of 
RT timing.

OS PFS, toxicity, prognostic 
factors

(Table 1 continues on next page)
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populations, cancer treatment interventions, usage of 
PJP prophylaxis, PJP risk factors (corticosteroid use and 
lymphopenia), and PJP outcomes.

PJP prophylaxis and infection outcomes
Seventeen studies reported prophylaxis use. It was 
routine for all TMZ-RT patients in seven 
studies, 19,26,29,34,40,47,52 partial in three studies, 6,43,49 and
absent in one study. 37 Five studies recommended pro-
phylaxis but gave no details. 21,22,27,28,36 Among the 11 
studies providing explicit data on prophylaxis adminis-
tration, 2942 of 5341 TMZ-RT patients (55.1%) received 
prophylaxis: TMP-SMX was used in six studies, pent-
amidine in three studies, dapsone in two studies, and 
co-trimoxazole in one study. Studies that only “recom-
mended” prophylaxis did not report type and duration. 
PJP infection was explicitly reported in 24 of 35 

(68.6%) studies. Fourteen of these 24 reported at least
one case, 6,19,22,23,26,27,31,32,35,37,40,42,43,45 totaling 71 cases (study
level PJP: 1 to 38 cases) among 10,589 TMZ-RT pa-
tients, and ten studies confirmed no PJP events in 1467 
patients. The other 11 of 35 studies (34.3%) lacked 
direct case reporting but were retained to avoid under-
estimating risk. 21,29,36,39,41,44,47,48,50–52 Seven of these 11
studies reported a combined 7 cases of non-specific 
pneumonia in 484 patients. 29,36,39,41,48,50,51

Two Canadian Institute for Clinical Evaluative 
Studies (ICES) retrospective cohorts accounted for the 
highest PJP incidence. 32,42 The first documented 38

cases among 5130 TMZ-RT patients (0.7%); 71% 
occurred within 90 days of starting RT and 29% within 
91–365 days; prophylaxis use was not reported. 41 The 
second publication documented 18 cases among 3225 
TMZ-RT patients (0.6%) 43 ; prophylaxis was given to 648 
patients (20.1%), and 12 of 18 infections occurred 
despite prophylaxis.
Excluding these ICES studies, the remaining 12 

studies (n = 34 to 709) described 15 PJP cases among 
2234 patients (0.67%). Of these, 1763 (78.9%) received 
TMZ-RT and 13 (0.74%) developed PJP. Infections 
occurred during chemoradiation (n = 7), maintenance 
TMZ (n = 1), post-TMZ-RT without maintenance 
(n = 1), or at an unknown time point (n = 4). No cases 
occurred among patients documented as receiving pro-
phylaxis; five arose in patients without prophylaxis, and 
eight where prophylaxis status was unknown. Among 
the 521 patients who did not receive TMZ-RT, two PJP 
cases were reported (both RT-only). Clinical outcomes of 
PJP infection included hospitalization with recovery 
(n = 4), death (n = 4), and not reported (n = 7).
Ten studies reported PJP as a clinical outcome and 

documented zero cases. 20,24,25,28,30,33,34,38,46,49 Together,
these included 1068 TMZ-RT-treated patients. One 
study mandated PJP prophylaxis for all 35 TMZ-RT 
patients, 34 one study reported prophylaxis usage for 
214 of 217 (98.6%) patients, 49 one study recommended 
prophylaxis without confirming adherence, 28 and seven 
did not report prophylaxis practices.

Study Design Country Dates of 
patient 
enrollment

Study aim Primary
outcome(s)

Other
outcome(s)

(Continued from previous page)

Omuro, 2022 46 Phase III 19
countries

2016–2018 Randomize and compare concurrent TMZ and RT with 
nivolumab and RT.

OS PFS, safety and tolerability, 
health-related quality of life 

Lassman, 2022 47 Phase III 26
countries

2015–2018 Randomize and compare concurrent TMZ and RT and 
depatux-m with TMZ and RT and placebo.

OS PFS, molecular subgroup 
analyses, neurocognitive 
function, patient-reported 
outcomes

Sim, 2022 48 Phase II Australia,
USA

2018–2021 Randomize and compare maintenance nivolumab and TMZ 
with standard TMZ post concurrent TMZ and RT.

OS PFS, toxicity, HR-QOL, 
neurologic function 

Arnold, 2024 49 Retrospective 
chart review

USA 2014–2021 Evaluate the frequency of hematologic toxicity during 
chemoradiation amongst patients receiving PJP prophylaxis.

Risk of 
hematological 
toxicity by PJP 
prophylaxis type 

Severity of toxicity, 
influencing factors

Sloan, 2024 50 Phase I USA 2015–2017 Determine the maximum safe dose of ipilimumab and/or 
nivolumab given with maintenance TMZ.

DLT Adverse effects, OS

Goldlust, 2024 51 Phase I USA 2017–2020 Evaluate the safety and tolerability of combined RT + TMZ 
and Novo-TTF-200 A device.

Adverse effects OS, PFS, QOL

Narang, 2025 52 Prospective 
cohort

India 2010–2018 Analyze long-term outcomes for patients diagnosed with 
astrocytoma grade 4 treated with TMZ + RT and adjuvant 
TMZ.

OS PFS, prognostic factors, 
toxicity

List of studies fulfilling eligibility criteria and abstracted listed by date of publication, including study design, location, time span, aim, primary outcome(s), and other outcome(s). NR: not reported; TMZ: 
temozolomide; RT: radiation therapy; CCRT: concurrent chemoradiation; HGG: high-grade glioma; GBM: glioblastoma multiforme; OS: overall survival; PFS: progression free survival; QOL: quality of life; 
HR-QOL: health-related quality of life; MTD: maximum tolerated dose; DLT: dose-limiting toxicity; KPS: Karnofsky performance scale; ORR: objective response rate; RFS: recurrence-free interval; PJP: 
pneumocystis jirovecii pneumonia.

Table 1: Summary of studies included in systematic review.
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Nine additional publications described pulmonary 
or infectious events where PJP was neither confirmed 
nor definitively excluded. 21,29,36,39,41,44,48,50,51 These involved 
532 TMZ-RT patients. Reported events included: one 
case of drug or pneumocystis pneumonitis, 36 one case 
of unspecified pneumonitis, 50 three single cases of lung 
infection, 28,38,40,47,50 two postoperative systemic

infections, 43 and one case of aspergillus pneumonitis. 21 

Among these nine studies, one mandated PJP prophy-
laxis for all 57 TMZ-RT patients, 28 two studies recom-
mended prophylaxis but did not confirm adherence, 21,36 

and six did not describe prophylaxis. 39,41,44,48,50,51 A po-
tential link between risk of PJP infection and prophy-
laxis could be inferred in only one instance: an

Cochrane Risk of Bias Tool 2

Study Risk of bias originating from: Overall risk of
bias judgement

Randomization
process

Deviations from 
intended interventions

Missing 
outcome data

Measurement of 
outcome

Selection of the 
reported outcome

Stupp, 2002 6 High Low Low High Low High
Stupp, 2005 19 Low Low Low High Low High
Brown, 2008 22 High Some concerns Low High Low High
Dall’oglio, 2008 23 High Low Low High Low High
Clarke, 2009 25 Some concerns Low Low High Low High
Weiler, 2010 26 High High Low High Low High
Grossman, 2011 27 High Low Low High Low High
Kim, 2011 28 High High Low High Low High
Iliadis, 2012 31 High Low Low High Low High
Salmaggi, 2013 34 High Low Low High High High
Clarke, 2014 36 High Some concerns Low High Some concerns High
Saran, 2021 39 High Some concerns High High Low High
Lim, 2022 40 Low Low Low High Low High
Peters, 2022 41 Low Low High High Low High
Omuro, 2022 46 Low Low Low High Low High
Lassman, 2022 47 Low Low High High Low High
Sim, 2022 48 Low Low High High Low High
Sloan, 2024 50 High Low High High Low High
Goldlust, 2024 51 High Low High High Low High
Narang, 2025 52 High Low High High Low High

Modified Newcastle–Ottawa Scale

Study Did the patient(s) 
represent the whole 
case(s) of the medical 
center?

Was the diagnosis 
correctly made?

Were other important 
diagnosis excluded?

Were all important 
data cited in
the report?

Was the outcome 
correctly ascertained?

Overall quality 
of the report

Corsa, 2006 20 Yes Yes Yes No No Poor
Gerber, 2007 21 Yes Yes Yes No No Poor
Yaman, 2008 24 Yes Yes Yes No No Poor
Cao, 2011 29 Yes Yes Yes No No Poor
Demirici, 2011 30 Yes Yes Yes No No Poor
Malkoun, 2012 32 Yes Yes Yes No No Poor
Pitz, 2012 33 Yes Yes Yes No No Poor
Tanaka, 2013 35 Yes Yes Yes No No Poor
Neuwelt, 2014 37 Yes Yes Yes Yes Yes Good
Parisi, 2015 38 Yes Yes Yes No No Poor
Climans, 2022 42 Yes Yes No Yes No Poor
Climans, 2022 43 Yes Yes No Yes No Poor
Bruno, 2022 44 Yes Yes Yes No No Poor
Demircan, 2023 45 Yes Yes No No No Poor
Arnold, 2024 49 Yes Yes No No No Poor

List of studies fulfilling eligibility criteria with risk-of-bias assessments, separated by tool. The Cochrane Risk of Bias Tool 2 was applicable to prospective studies and the Modified Newcastle–Ottawa 
Scale was applicable to retrospective studies.

Table 2: Risk of bias of included studies.
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Study Population WHO Intervention PJP prophylaxis PJP outcomes Secondary outcomes

Stupp, 2002 6 GBM (n = 62) 1993 62 received RT + TMZ, of 
which 49 proceeded to 
adjuvant TMZ.

No prophylaxis (n = 15) 
Pentamidine (n = 47)

Total cases of PJP (n = 2) 
Cases with CCRT (n = 2) 
Cases without CCRT (n = 0) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 2)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Both patients hospitalized 
and survived. 
Lymphopenia grade 3/4 
(n = 49, 80%)
Steroids administered as 
needed; exact pattern not 
reported.

Stupp, 2005 19 GBM (n = 573) 2000 573 enrolled. 287 received 
postsurgical experimental 
RT + TMZ, 286 received RT. 
Both groups subsequently 
planned to receive 
maintenance TMZ.

No prophylaxis (n = 0) 
Inhaled pentamidine or 
TMP-SMX (n = 573)

Total cases of PJP (n = 1) 
Cases with CCRT (n = 0) 
Cases without CCRT (n = 1) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 2)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 8)

Patient outcome not 
reported.
Lymphopenia grade 3/4 (NR) 
Baseline steroid usage in 193 
cases (67%) and 215 cases 
(75%) in RT + TMZ and RT 
alone groups respectively.

Corsa, 2006 20 GBM (n = 43) 
AA (n = 21)

NR 64 received RT and TMZ. 33 
treated with concurrent
RT + TMZ and adjuvant 
TMZ, and 31 with RT 
followed by TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 0) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

Gerber, 2007 21 GBM (n = 38)
AA (n = 11)
AO (n = 3)

NR 52 received RT + TMZ 
followed by adjuvant TMZ.

No prophylaxis (NR) 
Prophylaxis (NR) 
Prophylaxis with TMP-SMX 
given to “almost all” 
patients

Total cases of PJP (NR) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 (NR)
“Most” patients received 
steroids.

Brown, 2008 22 GBM (n = 97) NR 97 received RT + TMZ 
preceded by and concurrent 
with experimental erlotinib, 
followed by maintenance 
TMZ and erlotinib.

No prophylaxis (NR) 
Prophylaxis (NR) 
Prophylaxis “strongly 
encouraged”

Total cases of PJP (n = 2) 
Cases with CCRT (n = 2) 
Cases without prophylaxis 
(n = 2)
Cases with lymphopenia
(n = 0)
Cases with steroid (n = 2) 
Pneumonia not specified 
(NR)

Both patients died from PJP. 
Lymphopenia grade 3/4
(n = 11, 11.5%)
Baseline steroid usage in 59 
cases (61%).

Dall’oglio, 2008 23 GBM (n = 32) 
AA (n = 2)

NR 34 received RT + TMZ 
followed by experimental 
maintenance TMZ in 1-
week-on/1-week-off fashion

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 1) 
Cases with CCRT (NR) 
Cases without CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 1)

Patient hospitalized and 
recovered.
0 cases of grade 3/4 
lymphopenia. 2 cases (6%) of 
grade 1 neutropenia. 
Steroids kept at lowest 
dosage per neurologic status.

Yaman, 2008 24 GBM (n = 53) 
AA (n = 9)

2000 64 received RT + TMZ and 
adjuvant TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 0) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 (NR) 
Dexamethasone used in 30 
cases (48.4%) to control 
neurologic symptoms.

Clarke, 2009 25 GBM (n = 85) NR 85 started RT + TMZ, 59 of 
whom proceeded to 
maintenance TMZ in dose-
dense or metronomic 
fashion and further 13-cis-
retinoic acid.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 0)
Pneumonia not specified 
(NR)

20 cases (23.5%) grade 3/4 
lymphopenia during
RT + TMZ. 3 (10%) and 1 
(4%) during maintenance 
dose-dense and metronomic 
TMZ respectively.
Steroid usage pattern not 
reported.

(Table 3 continues on next page)
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Study Population WHO Intervention PJP prophylaxis PJP outcomes Secondary outcomes

(Continued from previous page)

Weiler, 2010 26 GBM (n = 39) NR 39 started RT + TMZ, of 
whom 36 completed CCRT.

No prophylaxis (n = 0) 
Prophylaxis with unknown 
(n = 39)

Total cases of PJP (n = 1) 
Cases with CCRT (n = 1) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Patient died.
Lymphopenia grade ¾
(n = 26, 63%) 
Lymphopenia grade 4 cases 
(10.3%)
Baseline steroid usage
(n = 30)

Grossman, 2011 27 GBM (n = 81)
AA (n = 12)
AO (n = 2)

NR 96 received RT + TMZ. No prophylaxis (NR) 
Prophylaxis (NR) 
Prophylaxis “recommended”

Total cases of PJP (n = 1) 
Cases with CCRT (NR) 
Cases without CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Pneumonia not specified 
(n = 6)

PJP outcome (NR)
CD4 count lowest at 255 2 
months after starting
RT + TMZ. 38 (40%) cases 
had CD4 counts below 200. 
Baseline steroid usage
(n = 79)

Kim, 2011 28 AA (n = 21)
AO (n = 12)

2002 33 started RT + TMZ, and 22
subsequently started 
adjuvant TMZ.

No prophylaxis (NR)
Prophylaxis (NR) 
Prophylaxis “recommended”

Total cases of PJP (n = 0) 
Cases with CCRT (n = 9) 
Cases without CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia
(n = 0)
Cases with steroid (n = 15) 
Pneumonia not specified 
(n = 0)

Lymphopenia grade 3/4
(n = 0)
Steroids during CCRT (n = 9) 
Steroids during adjuvant 
chemotherapy (n = 6)

Cao, 2011 29 GBM (n = 112) NR 112 treated with 
hypofractionated RT, 57 of 
whom received concurrent 
and adjuvant TMZ and 55 
received RT alone initially. 

No prophylaxis (n = 55) 
TMP-SMX (n = 57)

Total cases of PJP (n = 0) 
Pneumonia not specified 
(n = 1)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR) 
Median steroid dose 4 mg 
during RT + TMZ.

Demirici, 2011 30 GBM (n = 142) 
AA (n = 30)

2007 172 initially treated with 
RT + TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 0) 
Cases with CCRT (n = 0) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 0)
Cases with lymphopenia
(n = 0)
Cases with steroid (n = 0) 
Pneumonia not specified 
(n = 1)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

Iliadis, 2012 31 GBM (n = 65) NR 65 initially treated with
RT + TMZ, of whom 56 
proceeded to adjuvant TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 1) 
Cases with CCRT (n = 1) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 2)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

Malkoun, 2012 32 GBM (n = 45) 2007 45 initially treated with 
RT + TMZ, and 37 
subsequently received 
adjuvant TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 1) 
Cases with CCRT (n = 1) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 
(n = 8)
Baseline steroid usage (NR)

(Table 3 continues on next page)
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Study Population WHO Intervention PJP prophylaxis PJP outcomes Secondary outcomes

(Continued from previous page)

Pitz, 2012 33 GBM (n = 116) NR 116 were initially treated 
with RT + TMZ, and 80 
subsequently received 
adjuvant TMZ and cis-
retinoic acid.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 0) 
Cases with CCRT (n = 0) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 0)
Cases with lymphopenia
(n = 0)
Cases with steroid (n = 0) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

Salmaggi, 2013 34 GBM (n = 35) NR 35 treated with surgically 
inserted carmustine wafers, 
daily TMZ for
up to 6 months, and RT.

No prophylaxis (n = 0) 
Prophylaxis with unknown 
(n = 35)

Total cases of PJP (n = 0) 
Cases with CCRT (n = 0) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 0)
Cases with lymphopenia
(n = 0)
Cases with steroid (n = 0) 
Pneumonia not specified 
(n = 2)

Lymphopenia grade 3/4 
(n = 22)
Baseline steroid usage (NR)

Tanaka, 2013 35 GBM (n = 105) NR 105 reviewed. 33 treated 
with the RT + TMZ and 
adjuvant TMZ. 72 received 
either sequential treatment, 
RT only, or unknown.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 1) 
Cases with CCRT (n = 0) 
Cases with RT only (n = 1) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 1)

Patient outcome NR 
Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

Clarke, 2014 36 GBM (n = 74) NR 74 received RT + TMZ, 
followed by TMZ, 
bevacizumab, and erlotinib.

No prophylaxis (NR) 
Prophylaxis (NR) 
Prophylaxis was 
“encouraged” for patients on 
corticosteroids and during 
radiation with TMZ

Total cases of PJP (n = 1? 
pneumonitis secondary to 
either PJP or erlotinib) 
Cases with CCRT (n = 1?) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia
(n = 48)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Patient outcome NR 
Lymphopenia grade 3/4 
(n = 48)
Baseline steroid usage (NR)

Neuwelt, 2014 37 GBM (n = 95)
AA (n = 58)
AO (n = 89)

NR 240 analyzed including 127 
received RT + TMZ.

No prophylaxis (n = 240)
Prophylaxis (n = 0)

Total cases of PJP (n = 1) 
Cases with CCRT (n = 1) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 1)
Cases with lymphopenia
(n = 1)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 0)

Patient hospitalized and fully 
recovered.
Median nadir lymphocyte 
count 0.7 × 10 9 /L.
Extended steroid usage for 
89% of patients.

Parisi, 2015 38 GBM (n = 93) 
AA (n = 35)

NR 128 reviewed. 64 received 
RT and TMZ including 33 
treated with RT + TMZ 
followed by adjuvant TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 0) 
Cases with CCRT (n = 0) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 0)
Cases with lymphopenia
(n = 0)
Cases with steroid (n = 0) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

(Table 3 continues on next page)
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Study Population WHO Intervention PJP prophylaxis PJP outcomes Secondary outcomes

(Continued from previous page)

Saran, 2021 39 GBM (n = 36) NR 36 enrolled in trial, including 
20 who received RT + TMZ 
and afatinib, and 16 who 
received concurrent RT plus 
afatinib.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 2)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

Lim, 2022 40 GBM (n = 709) NR 709 received RT + TMZ, 
including 355 additionally 
receiving nivolumab and 354 
receiving placebo.

No prophylaxis (NR) 
Prophylaxis with unknown 
(n = 709)

Total cases of PJP (n = 1) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Patient died. 
Lymphopenia grade 3/4 
(n = 38)
Baseline steroid usage 
(n = 209)

Peters, 2022 41 GBM (n = 94) 
Grade 3 (n = 16)

NR 115 received RT + TMZ and 
were randomized to also 
receive naltrexone or 
placebo.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia
(n = 6)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 1)

Lymphopenia grade 3/4
(n = 6)
Baseline steroid usage (NR)

Climans, 2022 42 GBM, astrocytoma, 
oligodendroglioma 
(n = 5130)

NR 5130 included in cohort 
treated with RT + TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 38) 
Cases with CCRT (n = 38) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

PJP patient outcomes (NR) 
Trough lymphocyte count 
0.4 × 10 9 /L and 0.7 × 10 9 /L 
for PJP and no-PJP groups 
respectively.
Baseline dexamethasone 
dose 0.3 mg and 0.3 mg for 
PJP and no-PJP groups 
respectively.

Climans, 2022 43 GBM (n = 2440)
DA (n = 159)
AA (n = 273)
DO (n = 72)
AO (n = 138) 
Unspecified (n = 143)

NR 3225 included in cohort 
treated with RT + TMZ.

No prophylaxis (n = 2577) 
TMP-SMX or dapsone
(n = 648)

Total cases of PJP (n = 18) 
Cases with CCRT (n = 18) 
Cases with prophylaxis
(n = 12)
Cases without prophylaxis 
(n = 6)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 207)

PJP patient outcomes (NR) 
Lymphopenia grade 3/4 (NR) 
39 cases (6.0%) and 108 
cases (4.2%) of grade 3/4 
leukopenia in prophylaxis 
and no-prophylaxis groups 
respectively.
Baseline steroid usage in 441 
cases (68.0%) and 1239 cases 
(48.0%) of prophylaxis and 
no-prophylaxis groups 
respectively.

Bruno, 2022 44 GBM (n = 135) NR 135 identified who 
underwent a surgical 
procedure, of whom 37 
received hypofractionated 
TMZ + RT and 33 received 
conventional TMZ + RT.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4
(n = 0)
Baseline steroid usage (NR)

(Table 3 continues on next page)
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Demircan, 2023 45 GBM (n = 169) 2021 169 treated with RT + TMZ, 
of whom 133 proceeded to 
adjuvant TMZ.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 2) 
Cases with CCRT (n = 2) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 4)

PJP patient outcome (NR) 
21 cases (12%) and 12 cases 
(7%) of “acute severe 
lymphopenia” (definition not 
reported) at end of RT and 1 
month after RT respectively. 
Dexamethasone used in 76 
cases (45%) during CCRT.

Omuro, 2022 46 GBM (n = 542)
GS (n = 18)

NR 275 treated with RT + TMZ, 
278 treated with
RT + nivolumab.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (n = 0) 
Cases with CCRT (n = 0) 
Cases with prophylaxis
(n = 0)
Cases without prophylaxis 
(n = 0)
Cases with lymphopenia
(n = 0)
Cases with steroid (n = 0) 
Pneumonia not specified 
(n = 0)

Lymphopenia grade 3/4 
(n = 12)
Baseline steroid usage 
(n = 95, 33.9%)

Lassman, 2022 47 GBM (n = 630) 
GS (n = 4) 
Other (n = 2) 
Missing (n = 3)

2016 316 treated with
RT + TMZ + placebo, 323 
treated with
RT + TMZ + depatux-M.

No prophylaxis (n = 0) 
Prophylaxis with unknown 
(n = 639)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 
(n = 41)
Baseline steroid usage 
(n = NR)

Sim, 2022 48 GBM (n = 103) 2016 103 treated with RT + TMZ, 
69 of whom allocated to 
MTZ TMZ + nivolumab and 
34 allocated to MTZ TMZ 
alone.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 1)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage
(n = 56, 54.4%)

Arnold, 2024 49 GBM (n = 144) 
Astrocytoma grade 4 
(n = 21)
DA (n = 9)
AA (n = 16)
DO (n = 7)
AO (n = 7)

2021 217 treated with RT + TMZ. No prophylaxis (n = 3) 
TMP-SMX (n = 144) 
Pentamidine (n = 69) 
Dapsone (n = 1)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

Sloan, 2024 50 GBM (n = 31) NR 31 treated with RT + TMZ. No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 1)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

(Table 3 continues on next page)
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unconfirmed case of PJP pneumonitis occurred during 
maintenance TMZ in a trial where prophylaxis was 
recommended but not documented.
Seven studies provided detailed, patient-level 

reporting of both PJP incidence and prophy-
laxis. 6,19,26,34,37,40,43 These included 4883 patients: 4484 
treated with TMZ-RT, 113 with TMZ alone, and 286 
with RT alone. Across these studies, there were 24 PJP 
cases (0–18 per study): 23 cases among TMZ-RT group 
and one in the RT-only group. The overall incidence of 
PJP amongst TMZ-RT recipients was 0.5% (23/4484). 
Among those, 1765 of 4484 (39.4%) received prophy-
laxis and 2719 (60.6%) did not. The PJP incidence was 
0.8% (14/1765) with prophylaxis and 0.3% (9/2719) 
without.

Proportional meta-analysis
Across 24 studies explicitly reporting confirmed PJP 
cases, encompassing 12,056 patients with 71 docu-
mented PJP events, the pooled incidence of PJP was 
0.74% (95% CI, 0.59–0.93%; 95% prediction interval, 
0.58–0.96%) based on the random-effects model with 
logit transformation (Fig. 2). Statistical heterogeneity 
was negligible (Q = 23.3, df = 23, p = 0.44; I 2 = 1.4%;
τ 2 = 0.0045) indicating highly consistent low risk across 
studies (Fig. 2).
Sensitivity analyses confirmed the robustness of this 

estimate. Using PFT transformation, the pooled inci-
dence was 0.1% (95% CI, 0.07–0.2%; 95% prediction 
interval, 0.0–0.4%), which likewise supports an

incidence well below 1%. In this model, heterogeneity 
was moderate (Q = 39.7, df = 23, p = 0.017; I 2 = 42.0%;
τ 2 = 0.0006), reflecting some variability across study 
estimates but with minimal between-study variance. 
Results were similar when alternative effect-size trans-
formations (raw proportions) or different model speci-
fications (fixed-versus random-effects, Hartung-Knapp 
adjustment) were applied. There was no single study 
that meaningfully altered the pooled estimate in leave-
one-out analyses. Assessment of small-study effects 
showed no evidence of funnel plot asymmetry (Fig. 3). 
Egger’s regression test was non-significant (logit: 
p = 0.75; PFT: p = 0.54), and the trim-and-fill method 
did not impute additional studies under the logit 
model. Under the PFT model, three studies were 
imputed, but the adjusted pooled incidence remained 
well below 1%.

Timing of PJP and prophylaxis
Six studies 6,19,26,34,37,43 provided sufficient detail to 
examine the temporal relationship between TMZ-RT 
and PJP and stratify by prophylaxis. These included 
3775 TMZ-RT patients with 22 PJP cases: two during 
chemoradiation, 18 within 90 days of starting chemo-
radiation, one during maintenance TMZ, and one after 
chemoradiation without maintenance chemotherapy. 
Twenty of 22 cases (90.9%) occurred during or shortly 
after chemoradiation. Limiting to these 20 cases, the 
PJP incidence was 1.1% (12/1056) with and 0.3% (8/ 
2719) without prophylaxis.

Study Population WHO Intervention PJP prophylaxis PJP outcomes Secondary outcomes

(Continued from previous page)

Goldlust, 2024 51 GBM (n = 13) NR 13 treated with
TMZ + RT + TTF followed by 
maintenance TMZ + TTF.

No prophylaxis (NR) 
Prophylaxis (NR)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(n = 1)

Lymphopenia grade 3/4
(n = 2)
Baseline steroid usage (NR)

Narang, 2025 52 Astrocytoma grade 4 
(n = 267)

NR 267 treated with RT + TMZ. No prophylaxis (n = 0) 
Cotrimoxazole (n = 267)

Total cases of PJP (NR) 
Cases with CCRT (NR) 
Cases with prophylaxis (NR) 
Cases without prophylaxis 
(NR)
Cases with lymphopenia 
(NR)
Cases with steroid (NR) 
Pneumonia not specified 
(NR)

Lymphopenia grade 3/4 (NR) 
Baseline steroid usage (NR)

List of studies included in the systematic review detailed by histopathologic sample sizes, World Health Organization glioma classification version, types of interventions, usage of antibiotic prophylaxis, 
numbers of PJP cases, outcomes of infections, and associated cytopenia and steroid usage. NR: not reported; TMZ: temozolomide; RT: radiation therapy; CCRT: concurrent chemoradiation; HGG: high-
grade glioblastoma; GBM: multiforme; DA: diffuse astrocytoma; AA: anaplastic astrocytoma; DO: diffuse oligodendroglioma; AO: anaplastic astrocytoma; GS: gliosarcoma; OS: overall survival; PFS: 
progression free survival; QOL: quality of life; MTD: maximum tolerated dose; KPS: Karnofsky performance scale; ORR: objective response rate; RFS: recurrence-free interval; PJP: pneumocystis jirovecii 
pneumonia.

Table 3: Key populations, interventions, and outcomes of included studies.
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Steroid exposure
Baseline corticosteroid use (at therapy initiation) was
reported in 13 studies. 19,21,22,24,26–28,37,40,43,45,46,48 After
excluding one study that did not detail the number of 
patients exposed, 21 there was a total of 5908 patients 
evaluable and treated: 5229 with TMZ-RT, 280 with 
TMZ-RT and an investigational agent, 113 TMZ 
without RT, and 286 with RT alone. Overall, 2898 pa-
tients (49.1%) were on baseline steroids (range: 27.3 to 
82.3%; median 49.5%, interquartile range 32.0–66.0%). 
These studies documented 27 PJP cases (0–18 per 
study; one study unreported). An exploratory study-level 
analysis demonstrated a moderate positive correlation 
between corticosteroid exposure and reported PJP 
incidence (Spearman’s ρ = 0.67, p = 0.02). Due to the 
low number of infectious events and incomplete 
reporting of steroid exposure at the time of PJP diag-
nosis, a quantitative assessment of corticosteroids as an 
independent risk factor was not feasible.

Lymphopenia
Grade 3–4 lymphopenia was reported in 16
studies. 6,22,23,25,26,28,32,34,36,37,40,41,45–47,51 Excluding one study

reporting only median nadir values, 37 data came from 
2705 patients (2102 TMZ-RT and 603 TMZ-RT with 
investigational agent). Overall, 319 of 2102 TMZ-RT 
patients (15.2%) developed grade 3–4 lymphopenia 
(range: 0–49%; median 21.2%, IQR 6.0–38%). Ten PJP 
cases occurred among studies reporting lymphopenia 
status and PJP occurrence, and only three studies re-
ported lymphopenia status specifically at time of PJP 
diagnosis. 6,22,37 286 TMZ-RT patients with five PJP 
cases, of whom two (40.0%) had concurrent lympho-
penia. The observed PJP rate in this subset was 1.7% 
(5/286): 0.7% (2/286) with and 1.0% (3/286) without 
lymphopenia. Due to the low event rate of PJP and 
incomplete reporting, no meaningful association be-
tween lymphopenia and PJP risk could be established.

Discussion
Concurrent chemoradiation with temozolomide is 
central to glioma therapy. However, radiation can cause 
immune dysfunction by directly damaging and 
reducing trafficking of circulating lymphocytes. 58 TMZ 
independently and cumulatively depletes CD4 T cells. 59

Fig. 2: Forest plot outlining study-specific and pooled estimates of pneumocystis jirovecii pneumonia (PJP) incidence and corresponding 95% 
confidence intervals (CIs) using a random-effects model with logit transformation. Heterogeneity was expressed using the I 2 statistic, τ 2 

(between-study variance), and χ 2 (Cochran’s Q) test.
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These biologic effects impair T cell activity and recovery 
and underlie a patient’s susceptibility to opportunistic 
infections such as Pneumocystis jirovecii pneumonia 
(PJP). Accordingly, regulatory drug monographs (FDA, 
Health Canada, and CCO) mandate PJP prophylaxis 
during TMZ-RT.
Despite these concerns, the true incidence of PJP 

associated with TMZ-RT has been uncertain. This 
systematic review provides the most comprehensive 
synthesis to date, incorporating studies through to 
May 1, 2025, to quantify the incidence of PJP in gli-
oma patients receiving TMZ-RT and to critically 
evaluate the evidence underpinning current prophy-
laxis guidelines.
Our systematic review consolidated 35 studies 

(13,637 patients; 12,301 received TMZ-RT). We found 
71 PJP cases among 12,056 evaluable patients. Most 
infections occurred during or within 90 days of starting 
radiotherapy. Pooled random-effects meta-analysis yiel-
ded a stable incidence of 0.74% (95% CI, 0.59–0.93%), 
with low heterogeneity and no signal of publication bias.

Prophylaxis patterns were heterogeneous: 44.9% of 
TMZ-RT patients overall received no prophylaxis, yet PJP 
rates remained very low (0.8% with prophylaxis and 
0.3% without prophylaxis among studies reporting these 
data). Corticosteroid exposure at baseline was frequent 
(49.1% overall), and 15.2% of TMZ-RT patients devel-
oped grade 3–4 lymphopenia, but sparse and inconsis-
tent reporting precluded robust risk modeling. 
Limitations of this review included the rarity of PJP, 

and absence of randomized trials directly addressing 
prophylaxis making reliance on observational data a 
necessity. Furthermore, reporting of prophylaxis details 
(drug, dose, timing, duration), PJP diagnostic confir-
mation, and immune risk factors (steroid dose and 
duration, lymphopenia at infection) was inconsistent, 
limiting secondary analyses. Future studies should 
systematically collect and report corticosteroid expo-
sure, particularly timing, dosage, and duration, to better 
quantify its contribution to PJP risk in this population. 
Many retrospective cohorts were at risk of bias; how-
ever, the pooled estimate was driven by large, provincial

Fig. 3: Funnel plot assessing publication bias in proportional meta-analysis of pneumocystis jirovecii pneumonia (PJP) incidence through the 
relationship between the logit-transformed event rate and standard error for individual studies. The vertical line denotes the pooled estimate 
from the random-effects model, and the dashed lines represent the 95% pseudo-confidence limits.
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datasets and prospective studies, which showed mini-
mal heterogeneity, and was stable across sensitivity 
analyses. The review was restricted to English-language 
studies, a factor that could limit generalizability and 
introduce language bias.
Overall, the absolute risk of PJP during or shortly 

after TMZ-RT appears well below the 3.5% threshold 
typically used to justify routine prophylaxis. TMP-SMX, 
the most common prophylactic agent, carries mean-
ingful toxicity, including myelosuppression, renal 
impairment, hyperkalemia, nausea, and drug in-
teractions, and potentially life-threatening reactions 
such as Stevens-Johnson Syndrome, anaphylaxis, and 
agranulocytosis. Prior population-based analyses found 
no survival or hospitalization benefit from prophylaxis; 
the number needed to harm (NNH) for prophylaxis-
induced neutropenia was 39 compared with a number 
needed to treat (NNT) of 288 to prevent one PJP hos-
pitalization. 43 In our study, the apparent higher PJP rate 
in the prophylaxis subgroup most likely reflects con-
founding by indication (i.e, prophylaxis was preferen-
tially given to higher-risk patients); under these 
conditions, NNT/NNH estimates would be misleading. 
Importantly, the pooled PJP incidence was stable across 
all sensitivity analyses and consistently less than 3.5% 
across subgroups. Thus, any small absolute risk 
reduction from routine prophylaxis must be balanced 
against it potential for clinically meaningful harm. 
Given the low event rate, a randomized prophylaxis 

trial is neither feasible nor cost-effective. Current evi-
dence supports an individualized, risk-adapted 
approach: consider prophylaxis for patients with high-
dose or prolonged corticosteroids, those with pro-
found lymphopenia, frailty, or major comorbidities, but 
not as a universal requirement. Additional studies 
refining risk stratification and clarifying incidence 
across diverse populations and practice settings could 
further inform prophylaxis decisions.
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