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Abstract
Background/Aim: Pneumocystis jirovecii pneumonia (PCP) remains a life-threatening opportunistic infection in 
patients receiving chemotherapy and other immunosuppressive cancer treatments. Accurate identification of true 
PCP cases within real-world electronic health record (EHR) databases is essential for epidemiological research and 
optimization of prophylactic strategies in oncology practice. The aim of this study was to develop and validate a 
practical, EHR-based algorithm for reliably identifying PCP cases.
Patients and Methods: This retrospective, single-center validation study used EHR data from a Japanese university 
hospital between April 2022 and March 2024. Adult patients (≧20 years) who were assigned an ICD-10 code for PCP 
were extracted, and true cases were confirmed by a detailed review of the patient records. Seven candidate algorithms 
combining diagnostic codes, therapeutic-dose anti-PCP prescriptions, laboratory testing, chemotherapy exposure, 
and prescription duration were evaluated. The positive predictive value (PPV) and capture rate were then calculated 
using chart-confirmed PCP as the reference standard.
Results: Among 617 ICD-coded patients, 11 (1.8%) were confirmed as true PCP cases. The PPV of diagnostic codes 
alone was 1.8%. A prescription-enhanced algorithm (A1) identified 12 patients, including 11 true cases (PPV=91.7%; 
capture rate 100%). Algorithms incorporating β-D-glucan or PCR testing achieved PPVs of 100% with lower capture 
rates (63.6-81.8%). Incorporation of concurrent chemotherapy also resulted in a PPV of 100% with reduced capture. 
An algorithm requiring therapeutic-dose prescription for ≥21 days showed equivalent performance to A1.
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Introduction

Pneumocystis jirovecii pneumonia (PCP) is an opportunistic 
fungal infection that predominantly affects 
immunocompromised individuals. This population 
includes individuals receiving chemotherapy or 
immunosuppressive agents, as well as those with 
hematologic malignancies and other conditions associated 
with impaired immunity. Although prophylactic strategies 
have substantially reduced the incidence of PCP, the 
infection continues to pose a serious clinical threat to 
immunocompromised individuals (1). Current 
international guidelines recommend trimethoprim-
sulfamethoxazole (TMP-SMX) prophylaxis for individuals 
receiving rituximab-based therapy or purine analogs, as 
these treatments are associated with a substantially 
increased risk of PCP (2, 3). However, clear 
recommendations for PCP prophylaxis are lacking for 
many other immunosuppressive therapies, including most 
chemotherapy regimens. Recent clinical studies have 
reported that dose-dense or otherwise intensified 
chemotherapy regimens, particularly those used for breast 
cancer and other solid tumors, may increase the risk of PCP 
(4, 5). These observations indicate that prophylaxis may 
need to be reconsidered in specific high-risk settings, 
although clear evidence to guide such decisions remains 
limited.

Reliable identification of PCP within large-scale 
EHR or administrative database systems is essential 
for establishing rational prophylactic strategies and for 
accurately estimating disease incidence across diverse 
immunosuppressive treatment settings. However, 
diagnostic codes alone often fail to distinguish true PCP 

from other respiratory diseases, as miscoding and non-
specific coding are common limitations of routinely 
collected EHR and administrative data (6, 7). Recent 
Japanese claims-based validation research, including the 
VALIDATE-J study, reported that the positive predictive 
value (PPV) of PCP algorithms remained insufficient 
(approximately 20-50%) even when treatment and 
laboratory tests were incorporated. These findings 
highlighted the difficulty of accurately identifying PCP 
cases using claims data alone and underscore the need 
for alternative approaches using more granular EHR-
based information (8). However, although the VALIDATE-J 
study incorporated medical records for gold-standard 
adjudication, the algorithms themselves were developed 
and evaluated using claims-linked hospital data with 
month-level temporal resolution. Moreover, the absence 
of well-validated case-identification algorithms for 
infectious outcomes in administrative claims data 
may lead to under-ascertainment of treatment-related 
infections. A recent claims-based study evaluating 
infectious outcomes associated with anticancer therapies 
highlighted that reliance on diagnostic codes alone 
can substantially underestimate infection incidence, 
underscoring a broader methodological limitation of 
claims-based outcome definitions (9).

To date, no studies in Japan have validated PCP case-
identification algorithms using day-level, granular EHR 
data that allow precise alignment of diagnostic evaluation 
and therapeutic-dose prescription information. Therefore, 
the present study aimed to develop and validate a practical 
EHR-based algorithm for accurate identification of true 
PCP cases in a tertiary oncology care setting. By evaluating 
combinations of diagnostic codes, therapeutic-dose anti-

Conclusion: Prescription-based algorithms substantially improve the accuracy of PCP case identification in EHR data 
compared with diagnostic codes alone. This straightforward, scalable approach offers a robust framework for real-
world oncology research, enabling a more reliable evaluation of PCP incidence and informing future prophylaxis 
strategies for patients receiving anticancer treatment.
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PCP prescriptions, laboratory testing, and chemotherapy 
exposure, we sought to establish a reproducible and 
scalable framework that can support future real-world 
oncology research and inform PCP prophylaxis strategies 
in patients receiving anticancer therapies.

Patients and Methods

Study design and setting. This was a retrospective, single-
center algorithm validation study conducted at Gifu 
University Hospital, a tertiary care institution in Japan. The 
study evaluated the validity of EHR-based algorithms 
designed to identify PCP cases. All analyses used structured 
EHR data routinely collected during clinical care. The study 
period spanned from April 1, 2022, to March 31, 2024.

Study population. Adult patients (aged ≥20 years) assigned 
an International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision (ICD-10) code for 
Pneumocystis jirovecii pneumonia (B59) during the study 
period were extracted from the EHR dataset within the 
Diagnosis Procedure Combination (DPC)-linked hospital 
information system. Patients coded as “suspected” PCP 
were excluded. A total of 617 patients met the initial ICD-
based criteria. True PCP cases were identified through a 
detailed review of electronic medical records by 
respiratory specialists, using clinical presentation, 
radiologic findings, microbiologic evidence, and response 
to therapy. The adjudication criteria were aligned with 
established diagnostic standards and required concordant 
radiologic evidence, compatible clinical symptoms, and 
supportive laboratory findings when available (e.g., β-D-
glucan elevation or positive P. jirovecii PCR). Discrepancies 
between evaluators were resolved by consensus. Eleven 
patients were confirmed as true PCP cases by respiratory 
specialists and constituted the gold-standard cohort for 
algorithm validation.

Algorithm definitions. Candidate algorithms were 
developed to identify true PCP cases using combinations 
of diagnostic codes (ICD-10 B59), prescriptions, and 

laboratory test results. Algorithms were defined as 
follows: Algorithm 1: PCP code+therapeutic-dose anti-
PCP medication within ±1 month; Algorithm 2: Algorithm 
1+β-D-glucan test performed; Algorithm 3: Algorithm 
1+β-D-glucan ≥6 pg/ml; Algorithm 4: Algorithm 1+β-D-
glucan ≥8.5 pg/ml; Algorithm 5: Algorithm 1+P. jirovecii 
PCR performed; Algorithm 6: Algorithm 1+concurrent 
chemotherapy; Algorithm 7: Algorithm 1+prescription 
duration ≥21 consecutive days.

These algorithms were designed to be reproducible 
using structured EHR or claims data and to reflect 
practical diagnostic and therapeutic workflows. The 
±1-month window was adopted to account for the limited 
temporal resolution of diagnosis coding in claims-linked 
EHR systems, where disease codes are recorded at the 
month level, and to reflect real-world variability in the 
timing between code assignment and the initiation of 
therapeutic-dose treatment. This window, therefore, 
captures clinically relevant events even when such timing 
discrepancies occur. Because β-D-glucan testing and PCR 
are often performed during the diagnostic workup for 
suspected PCP, we evaluated algorithms that incorporate 
“test performed” as an indicator of diagnostic intent, 
separate from those that require a positive result.

Definition of therapeutic doses. Therapeutic doses of anti-
PCP medications were defined as follows: TMP-SMX 
(oral): 5-12 tablets/day or 36-48 mini-tablets/day; TMP-
SMX (intravenous): 15-20 mg/kg/day of trimethoprim, 
divided into three daily infusions; Atovaquone: 750 mg (5 
ml) twice daily for 21 days; Pentamidine isethionate: 4 
mg/kg/day intravenously.

These dose definitions are consistent with standard 
PCP treatment regimens described in national and 
international clinical guidelines (10).

Data extraction and analysis. Information on ICD codes, 
prescriptions, laboratory testing (β-D-glucan and P. jirovecii 
PCR performed), and chemotherapy administration was 
extracted from the DPC-based EHR system. For each 
algorithm, we calculated the number of identified cases, the 
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number of chart-confirmed true PCP cases, the PPV, and the 
capture rate among the 11 confirmed cases. The 95% 
confidence intervals (CIs) for PPVs were calculated using 
Wilson’s score method for binomial proportions, which 
provides more reliable interval estimates than the normal 
approximation, particularly in small samples or when PPVs 
approach 0 or 1.

Because the primary objective of this study was to 
validate case-identification algorithms among patients 
with PCP-related diagnostic codes, individuals without PCP 
codes were not sampled. Therefore, sensitivity, specificity, 
and negative predictive value could not be determined.

Ethical considerations. This study was conducted in 
accordance with the Ethical Guidelines for Medical and 
Biological Research Involving Human Subjects in Japan and 
the Declaration of Helsinki (1964) and its later amendments. 
The study protocol was reviewed and approved by the 
Institutional Review Board of Gifu University Graduate 
School of Medicine (Approval No. 2024-107), with unified 
ethical oversight extending to the collaborating institution, 
Keio University. Because the study used only pre-existing 
data extracted from the EHR and involved no direct contact 
with patients, the requirement for written informed consent 
was waived. Instead, information regarding the study and 
procedures for opting out was posted on the hospital website 
to ensure that patients were given the opportunity to decline 
participation. All data were fully de-identified before analysis 
to protect patient confidentiality.

Results

Study population. During the study period, 617 adult patients 
were assigned an ICD code for PCP in the EHR-based DPC 
dataset at Gifu University Hospital. Of these, 11 patients 
(1.8%) were confirmed as true PCP cases through chart 
review by respiratory specialists, while the remaining 606 
patients (98.2%) did not meet the diagnostic criteria for PCP.

Algorithm performance. Table I summarizes the performance 
of each candidate algorithm in identifying true PCP cases. 
When only diagnostic codes were used, the PPV was 1.8%.

In contrast, Algorithm 1, which combines PCP codes 
with therapeutic-dose anti-PCP prescriptions, identified 
12 cases, 11 of which were true PCP, yielding a PPV of 
91.7% and a capture rate of 100%. Adding β-D-glucan 
testing (Algorithm 2) did not change performance because 
all patients identified by Algorithm 1 had undergone the 
test. When β-D-glucan positivity thresholds were applied 
(Algorithms 3 and 4), the PPV increased to 100%, but 
the number of true cases captured decreased to nine 
(81.8%) and seven (63.6%), respectively. Similarly, 
incorporating PCR testing (Algorithm 5) or concurrent 
chemotherapy (Algorithm 6) resulted in perfect PPVs 
but reduced capture rates (81.8% and 63.6%). Adding 
a prescription duration criterion of ≥21 days (Algorithm 
7) maintained high accuracy and complete case capture, 
with performance identical to Algorithm 1 (PPV = 91.7%, 
capture rate = 100%).

Table I. Performance of case-identification algorithms for true Pneumocystis jirovecii pneumonia (PCP) cases.

Algorithm Definition No. of identified 
cases

True PCP
cases

PPV, %
(95% CI)

Capture rate
(% among 11 true cases)

A1 PCP code+therapeutic-dose anti-PCP 
prescription within ±1 month

12 11 91.7 (64.6-98.5) 100

A2 A1+β-D-glucan test performed 12 11 91.7 (64.6-98.5) 100
A3 A1+β-D-glucan ≥6 pg/ml 9 9 100 (70.1-100) 81.8
A4 A1+β-D-glucan ≥8.5 pg/ml 7 7 100 (64.6-100) 63.6
A5 A1+Pneumocystis PCR test performed 9 9 100 (70.1-100) 81.8
A6 A1+concurrent chemotherapy 7 7 100 (64.6-100) 63.6
A7 A1+prescription duration ≥21 days 12 11 91.7 (64.6-98.5) 100

PPV: Positive predictive value; A1-A7: Algorithms 1-7; CI: confidence interval.
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Discussion

This validation study demonstrated that adding 
prescription information to case-identification algorithms 
markedly improves the accuracy of identifying true PCP 
cases in EHR data. The positive predictive value of disease 
coding alone was only 1.8%, indicating that the PCP 
diagnostic code in routinely collected EHR or administrative 
data is highly nonspecific. In contrast, algorithms 
combining PCP codes with therapeutic-dose anti-PCP 
prescriptions demonstrated markedly higher accuracy. 
These prescription-enhanced algorithms achieved PPVs 
exceeding 90% and captured all chart-confirmed PCP 
cases. Notably, Algorithm 1 identified one false-positive 
case. This likely reflected empirical therapeutic-dose 
treatment initiated for clinically suspected PCP prior to 
diagnostic exclusion. These findings underscore a major 
limitation of database-based studies that rely solely on 
diagnostic codes to identify infection-related outcomes. 
Such misclassification can lead to biased effect estimates 
and undermine the validity of epidemiologic studies using 
routinely collected health data. For conditions such as PCP, 
which frequently coexist with malignancies or other 
immunosuppressive states, coding inaccuracies are 
particularly common and can lead to substantial 
misclassification bias. Previous validation research has 
shown that the PPV of PCP diagnosis codes in Japanese 
claims data ranges from approximately 20% to 50%, 
depending on the gold standard used (8). Compared to 
previous results, the significantly higher PPV observed in 
this study likely reflects the greater granularity of EHR-
derived information. Specifically, distinguishing therapeutic 
from prophylactic doses and aligning prescription and 
diagnosis timing to the day level are key methodological 
advantages. This improvement allows for a more precise 
differentiation between empirical treatment, suspected 
cases, and confirmed cases, which is crucial for evaluating 
infection-related outcomes in oncology data. However, 
these tests are not uniformly administered and may yield 
false-negative results, potentially reducing the overall case 
capture rate. Although several algorithms achieved a PPV 

of 100%, these estimates were based on very few cases and 
should therefore be interpreted with caution. These PPV 
estimates were derived from a small number of cases, and 
the corresponding Wilson 95% confidence intervals were 
wide, further underscoring the need for cautious 
interpretation. Algorithms incorporating test performance 
(Algorithm 2 and 5) capture the clinician’s diagnostic 
intent, whereas algorithms requiring positive test results 
(Algorithm 4) trade off sensitivity for higher PPV. Therefore, 
a prescription-based algorithm offers a practical balance 
between diagnostic accuracy and applicability to large-
scale real-world datasets. The clinical implications of this 
approach extend beyond algorithm validation, as it 
provides a scalable strategy for reliably identifying PCP in 
diverse epidemiologic settings. These findings contrast 
with those of the VALIDATE-J study, which reported that 
claims-based PCP algorithms achieved PPVs of only 20-
50% even when incorporating treatment or diagnostic 
tests. This discrepancy likely reflects the greater granularity 
of EHR data, particularly the ability to distinguish 
therapeutic-dose treatment from prophylaxis and to 
capture contemporaneous testing patterns. Our study, 
therefore, provides an updated, more clinically compatible 
approach to PCP case identification within the Japanese 
EHR system.

In Japan, PCP prophylaxis is currently recommended 
for patients receiving rituximab-based therapy or purine 
analogs, but not for most other chemotherapy regimens 
(2). However, recent studies have suggested that dose-
dense or otherwise intensified chemotherapy protocols, 
particularly those used for breast cancer and other solid 
tumors, may increase the risk of PCP (4, 5, 9, 12). Thus, 
reliable database-based identification of PCP is essential 
for accurately estimating disease incidence across 
different chemotherapy regimens and for informing future 
prophylaxis guidelines. In addition to its clinical relevance, 
this study aligns with methodological recommendations 
for validating case-identification algorithms in routinely 
collected health data. Our use of chart-confirmed diagnoses 
as a reference standard and the evaluation of multiple 
algorithmic definitions are consistent with best practices 
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described in prior intra-database validation work and in 
recent methodological guidance for validation studies 
using real-world data (12).

This study has several limitations that should be 
acknowledged. First, this analysis was conducted at a single 
center and included only patients who had been assigned 
a PCP code, which may limit the generalizability of our 
findings. Differences in diagnostic practices, laboratory 
test availability, and coding behaviors across institutions 
may influence algorithm performance. As demonstrated 
in the VALIDATE-J study, multi-institutional variability can 
substantially affect PPV estimates, underscoring the need 
for multicenter EHR-based validation. Second, the small 
number of confirmed PCP cases reflects the rarity of the 
condition and introduces statistical uncertainty into our 
estimates. Third, because patients without PCP codes were 
not included in the cohort, sensitivity and specificity could 
not be calculated. Finally, although clinical plausibility was 
maintained, the temporal relationships among diagnosis, 
testing, and treatment were not fully modeled, which may 
have introduced additional uncertainty. However, this 
limitation is substantially smaller than in prior claims-
based validation studies, in which diagnostic and treatment 
information was available only at the claim-month level. 
The primary objective of this study is to improve the 
accuracy of identifying positive cases, which is crucial for 
assessing outcomes in real-world oncology research.

Despite its limitations, the study offers a clinically 
grounded and feasible approach to improving PCP case 
identification in EHR data. Aligning algorithm design 
with real-world treatment patterns bridges the gap 
between epidemiological methods and oncology clinical 
practice. This approach could serve as a foundation 
for future studies evaluating infection risk, treatment-
related immunosuppression, and prevention strategies 
in patients receiving anticancer therapy.

Conclusion

This study demonstrated that diagnostic codes alone are 
insufficient for accurately identifying true PCP cases in 

EHR data. Incorporating therapeutic-dose prescriptions 
of anti-PCP agents, particularly when combined with 
prescription duration criteria, substantially improved 
diagnostic accuracy while remaining feasible for use in 
real-world databases. The proposed algorithm provides 
a practical and scalable approach for future epidemiologic 
studies assessing PCP incidence and prophylaxis needs 
across diverse chemotherapy and immunosuppressive 
treatment settings. By addressing limitations identified 
in prior claims-based validation studies, this EHR-based 
algorithm offers a contemporary and clinically aligned 
strategy for accurate PCP identification in Japan. 
Multicenter validation will be essential to confirm the 
generalizability of this algorithm and support its 
application in nationwide research.
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