Mitigation Strategies for Proton Lung Planning
in the Presence of Pleural Effusion: A Case Study
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Abstract Methods Results

The pleural effusion volume significantly decreased during the span of rescans,
varying between 473 cc - 72 cc, including near-complete resolution at the level

A patient presented with adenocarcinoma of
the left upper lung and a 473 cc pleural

Pleural effusions (PE) are present in ~15% of
lung cancer patients at the time of diagnosis
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In this case study, the authors used a
combination of these strategies in order to
improve the dose consistency of a proton
therapy treatment plan for a lung patient
with an unavoidable pleural effusion. The
case study includes the dose comparison
between the nominal plan and weekly
rescan dose evaluations, as well as the
volumetric changes observed in the pleural
effusion over the course of treatment. The
nominal plan remained robust to the
significant change in pleural effusion volume,
with ITV coverage V95% > 95% on all weekly
rescans.
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Figure 3: Axial and Sagittal Views of Pleural Effusion at Simulation TP

second phase was forced to the built-in
value of “Cork” (with an intermediate
mass density value of 0.60 g/cm3) to
simulate partial PE resolution. The 3 CT’s
were co-optimized simultaneously using
a robust MFO ITV objective with range
uncertainty of 3.5% and positional
uncertainty of 5 mm.

. The pleural effusion was monitored with
weekly 4D rescans on fractions 3, 8, 13,
18 and 23.

Compare 1l | Image -

sk 2 23
- \ cGy [REE]

f,)ﬁ?»xﬂ
Y

Total number of scenarios:

L]
I
e e R . . ————

=

PPl i ir-witul AP e ST

b

I

E 8

Number of optimization dose computations:

Figure 2: Optimization/Robustness Settings
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Figure 5: DVH of ITV Calculated on Nominal Plan and 5 Rescans

Discussion

Use of “pseudomultiple-CT robust optimization” to simulate an increasing
pleural effusion is not recommended, as the size and position of an increase is
unpredictable compared to a decreasing pleural effusion which is most likely to
shrink within its original boundary. However, in the case of a rescan showing an
increased pleural effusion, this method can also be used during adaptive
planning to co-optimize on previous CT’s and hedge against future decreases.

Furthermore, this technique necessarily provides extra dose coverage to the
target compared to a nominally-robust plan, which may potentially result in
higher OAR dose as well. 3 Carefully evaluate if a sensitive or near-tolerance OAR
is adjacent to the target, especially in the distal or proximal beam direction.

Conclusion

Co-optimizing on multiple DICOM-registered CTs to simulate path length changes
through potentially unstable patient anatomy can successfully contribute to

maintaining robust and consistent dose coverage throughout proton therapy
treatments. In turn, this may reduce the need for treatment breaks associated
with offline adaptive planning.
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