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Patient-specific quality assurance (PSQA) must en-
sure the highest level of accuracy while operating 
within limited resources. For many years, PSQA re-
lied exclusively on measurement-based methods, 
and the detectors and phantoms developed for 
this purpose have played a decisive role in shap-
ing dosimetric quality assurance in radiation ther-
apy. Software-based approaches for independent 
secondary dose calculation provide additional op-
tions. This article outlines how PSQA has evolved, 
which methods are available today, and how their 
targeted use can be combined into a robust and ef-
ficient quality assurance system.

PSQA: Measurement-Based or Software-Based?

The purpose of PSQA is to detect errors and pro-
vide insight into their causes. Potential errors in 
radiation therapy may arise in four main areas: in 
addition to planning errors, transfer errors, ma-
chine-related errors, and, not least, patient-specif-
ic errors can occur. The latter can only be reliably 
detected during patient treatment, for example 
through EPID in vivo dosimetry.

According to established guidelines and recom-
mendations (DIN 6875-3 or AAPM TG-218/TG-
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Figure 1. Different PSQA methods address different error sources. Independent dose recalculation, EPID dosimetry, and phantom-based 

measurements provide complementary verification of planning, transfer-related, machine-related, and patient-specific errors.
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219), pre-treatment dose verification can be per-
formed either through measurements (e.g., using 
a phantom or EPID) or through dose recalcula-
tions. However, the two approaches differ signif-
icantly in terms of accuracy and required effort.

Historically, PSQA was based exclusively on meas-
urement-based methods: initially using film, fol-
lowed by ionisation chambers, and today em-
ploying sophisticated detector array systems and 
phantoms such as OCTAVIUS by PTW. These meth-
ods require manual procedures and are therefore 
time- and resource-intensive. Nevertheless, they 
remain an important reference standard for do-
simetric quality assurance of both patient treat-
ments and linear accelerators.

Digital, software-based solutions for independent 
secondary dose calculation are becoming increas-
ingly important. At the centre of this development 
is the Monte Carlo algorithm.

Independent Dose Recalculation  
with Monte Carlo

Independent secondary dose calculations auto-
matically recalculate a treatment plan and com-
pare the result with the primary dose calculation, 
without requiring additional machine time or staff 
effort. Clinically unremarkable plans that pass the 
secondary calculation generally do not require fur-
ther review by the medical physics team.

The proportion of plans that pass stringent accept-
ance criteria depends strongly on the algorithm 
used. Analytical methods exhibit greater variabili-
ty, resulting in a higher number of false alarms that 
must subsequently be reviewed manually. In con-
trast, Monte Carlo (MC) algorithms provide greater 
accuracy while requiring no additional effort.

A study published in 2025 by Hoffmann et al. [1] 
in the Journal of Applied Clinical Medical Phys-
ics compared the MC algorithm SciMoCa, as im-
plemented in PTW’s VERIQA RT MonteCarlo 3D, 

with the analytical algorithm used in Mobius3D. 
While the latter showed dose differences of up to 
6% and gamma pass rates as low as 30%, SciMo-
Ca achieved pass rates exceeding 95% and demon-
strated only minor variability, with deviations re-
maining close to the acceptance threshold. The 
study concluded that MC-based dose recalcula-
tion provides a significant clinical benefit for PSQA 
and enables substantially more stringent accept-
ance criteria while reducing verification effort.

EPID Dosimetry: Dose Verification Before and 
During Patient Treatment

EPID dosimetry can be used in two distinct ways: 
before treatment (“pre-treatment”) and during 
treatment (“in vivo”).

For pre-treatment plan verification, EPID dosim-
etry with VERIQA RT EPID 3D pre-treatment pro-
vides a fast and efficient solution without the need 
for phantom setup.

EPID-based in vivo dosimetry with VERIQA RT EP-
ID 3D captures the dose actually delivered during 
each fraction, enabling continuous monitoring of 
the entire treatment delivery chain, including pa-
tient-specific factors such as anatomical changes 
or positioning deviations. Errors arising after plan 
verification become visible and quantifiable.

Not Every Method Fits Every Plan

The availability of software-based approaches ex-
pands the PSQA toolkit but does not completely 
replace measurement-based methods. Phantom 
measurements, independent dose recalculations, 
and EPID dosimetry each have distinct strengths, 
address different error sources, and vary in the ef-
fort required. Their areas of application overlap 
only partially, and it is precisely this limited over-
lap that creates their complementary value.

Monte Carlo dose recalculations evaluate the 
treatment plan in the background without addi-
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tional effort and provide fast, accurate dose ver-
ification before treatment. They primarily detect 
planning-related errors but can be applied auto-
matically to every plan.

Pre-treatment EPID dosimetry extends this ap-
proach by additionally accounting for transfer-re-
lated and machine-related errors. EPID-based in 
vivo dosimetry further identifies deviations that 
arise only during treatment delivery to the patient.

When a measurement is required, either EP-
ID-based measurements or conventional phantom 
measurements with OCTAVIUS may be selected, 
depending on the application. Both approach-
es have a well-defined role within a comprehen-
sive PSQA program. EPID-based measurements 
with VERIQA RT EPID pre-treatment do not require 
phantom setup and are well suited for standard 
treatment plans and routine applications. In con-
trast, phantom measurements with OCTAVIUS re-
main indispensable for very large treatment fields, 
off-axis or non-coplanar fields, and complex stere-
otactic treatments with demanding dosimetric re-
quirements.

The Art Lies in Choosing the Right Combination

The key challenge in modern PSQA is no longer ac-
cess to verification methods but their intelligent 
combination. An effective program defines differ-
entiated verification protocols for different class-
es of treatment plans according to their respective 
risk profiles.

Not all treatment plans carry the same level of risk. 
Highly modulated or hypofractionated treatment 
plans, moving target volumes, and patients with 
highly variable anatomy require more intensive 
verification than less complex plans. Automation 
and clearly defined acceptance criteria therefore 
become the foundation of a consistently reliable 
PSQA program.

A Proven Combination in Clinical Routine: MC 
Dose Calculation and EPID In Vivo
For the majority of treatment plans used in rou-
tine clinical practice, particularly standard plans 
and applications, one combination has proven es-
pecially effective: MC-based dose recalculation to-
gether with EPID in vivo dosimetry. Both methods 
can be integrated smoothly into the clinical work-
flow, with many processes running automatically 
in the background.

MC enables verification of dose calculation accu-
racy without additional clinical workload. EPID in 
vivo dosimetry indicates whether deviations oc-
cur later in the treatment delivery chain, both on a 
fraction-by-fraction basis and throughout the en-
tire course of treatment.

This is particularly relevant for online adaptive ra-
diation therapy (oART). Since a new treatment plan 
is generated each day and conventional measure-
ment-based dose verification before treatment is 
no longer feasible, EPID in vivo dosimetry takes on 
a special role: it confirms that the daily adaptive 
plan has been delivered correctly.

Conclusion

MC-based dose recalculation and EPID in vivo do-
simetry (e.g., with VERIQA) form the foundation of 
an efficient and safety-oriented PSQA program for 
the majority of treatment plans. The MC approach 
enables accurate and efficient dose verification pri-
or to treatment while reducing false alarms com-
pared with systems based on other algorithms. 
EPID-based in vivo dosimetry extends quality assur-
ance to the entire error chain and treatment phase.

When a measurement is beneficial or required, 
for example in specialised applications, either EP-
ID-based measurement with VERIQA RT EPID 3D 
pre-treatment or conventional phantom measure-
ment with OCTAVIUS can be used, depending on 
the application. The goal is not a PSQA program 
that measures as much as possible, but one that 
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measures what matters, at the right time, using 
the appropriate method.
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