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Normal
tissue

GTV: gross tumor volume
All tumor that can be seen on a scan
For reference, a 1 cm tumor has about 10° billion cells

CTV: clinical target volume

The volume that has to be treated to achieve cure or palliation
Should be defined before choosing a treatment modality
Includes "crablike" extensions of the cancer, which contain:

* microscopic cancer cells that cannot be seen on a scan

e “Elective” lymph nodes that we think the cancer spread to
CTV = GTV + a margin of where we think microscopic disease is
located

IM: internal margin
Variations in size, shape, and position of CTV relative to
anatomic reference points (e.g. from breathing)
ITV: internal target volume
Volume that encompasses movement of the CTV and the IM
ITV=CTV +IM

SM: setup margin
Uncertainties in patient positioning and alignment of therapeutic
beams during treatment planning, and all treatment sessions
PTV: planning target volume
Volume that encompasses movement of the CTV, the IM, and
errors in setup / position of the patient and penumbra
PTV =CTV + IM + SM
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General Principles of Radiation Oncology

General Principles [1-22]
Cancer Death Worldwide

Lung 1.59 M
Liver 745 K
Stomach 723 K
Colorectal 694 K
Breast 521 K
Esophagus 400 K

A e

Cancer Visibility and Tumoricidal
Dose

Dose
necessary to
Number CT scan kill cells
of cells  visibility =~ Example case (EQD2)
108 Not RI resection  ~50 Gy
visible status
post-chemo
with CR
10° 1 cm? R2 resection  ~66-70 Gy
Most visible
cancers,
including LNs
10 10 cm? Bulky disease

Dose necessary to kill 1 log = ~10-20 Gy

Resection Nomenclature

CNS and
peds CNS and peds
Resection protocol  protocol
type Definition terms description
RO Negative GTR1 Not visible on
margins operative
microscope or
postoperative
imaging
R1 Grossly GTR2 Visible on
negative but operative
pathologic microscope
positive Not visible on
margin postop imaging
R2 Grossly NTR Residual evident
positive on postop
margin imaging,
(surgeon can nodularity
see with <5 mm. Linear
their eye) “streak”
enhancement
STR Surgically
removing tumor
tissue
Residual evident
on postoperative
imaging,
nodularity
>5 mm
Radiobiology
The“4 Rs” of Radiobiology
— Redistribution
— Repopulation
— Repair
— Reoxygenation

Lethal damage = DNA double-strand breaks
1 Gy of radiation = ~20—40 DSBs

Majority of radiation-induced cell

death = mitotic catastrophe

Cell Cycle and Radiosensitivity

Cellcycle: G1 - S—-G2 - M
Cells in late G2/mitosis = most radiosensitive
Cells in late S/early G2 = most radioresistant

Blood Vessel Radiosensitivity

Capillaries > arteries > veins.
Arteries can tolerate 50-70 Gy CFRT.
Veins are highly radioresistant.
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Physics
— 1 Gray (Gy) = 1 Joule/Kg energy deposited in
tissue
— The difference between y-rays and X-rays is
the source. y-ray = natural decay of radioiso-
tope, e.g., Cobalt-60, X-ray = manmade, e.g.,
linear accelerator
— Photon nuclear interactions:
— (1) Coherent scattering (~E)
— (2) Photoelectric effect (~Z*/E?) used for
diagnostic imaging
— (3) Compton effect (xelectron density)
dominates in radiotherapy
— (4) Pair production (~E)

Clinical Care Path

e Consultation — Simulation — Treatment
planning — Quality assurance — Treatment
— Follow-up

LN Metastasis Nomenclature

— Sister Mary Joseph nodule: periumbilical met
through falciform ligament

— Virchow’s node: L supraclavicular mass where
thoracic duct inserts into left venous angle and
thoracic duct drains from cisterna chyli

— Krukenberg tumor: ovarian metastasis from
breast, gastric, and others

— TIrish LN: L axillary mass

— Blumer’s shelf: tumor spread to retrouterine
or rectovesical space (pouch of Douglas)

Preoperative vs Postoperative RT

Advantages of preop
Improved blood supply/

Advantages of postop
Smaller target volume after

tumor oxygenation resection/debulking
Target delineation more  Plan based on pathologic
clear information

Radiated tissue is resected
No tumor repopulation
during healing

Young Patients

— Fertility counseling

— Pregnancy testing

— Consider options to minimize normal tissue
exposure (reduced RT protocol, protons)

Life Expectancy (US Social Security
Data)

M I§i
65 ylo 18y 20y
70 ylo 14y 17y
75 ylo 11y 13y
80 y/o 8y 10y
85 ylo 6y Ty

TEACHH Model: Life Expectancy
of M+ Patients

— Type of cancer. +1 if not breast or prostate
— ECOG. +1if 2. + 2 if 3-4.

— Age. +1if>60

— Chemo (prior courses). +1 if >2

— Hospitalizations. +1 if yes

— Hepatic mets. +1 if yes

Groups

- A(0-1):20m

- B(24):MST5m
- C(5,6):MST2m

Palliative Care

— Temel, NEJM, 2010: 151 NSCLC M+ patients
randomized to SOC +/— early palliative care.
Palliative care is meeting with palliative care
team member within 3-week enrollment, and
then monthly. Improved QOL, lower depres-
sion, less aggressive end-of-life care (54% vs
33%), more resuscitation preferences docu-
mented in medical record, and longer OS
(11.6 m vs 8.9 m MST).

— ENABLE II: n = 322. Randomize to nursing-
led multicomponent psycho-educational inter-
vention vs usual care. Improved QOL,
symptom intensity, and mood. No difference
in resource usage.

— ENABLE 1III, Alabama (Bakitas, 2015):
advanced cancer patients and oncologist deter-
mined prognosis 6—14 months. Randomize to
early (at enrollment) vs delayed (after 3 m)
palliative care. Palliative care is telehealth RN
coaching session, monthly FU. One year OS
was improved in early intervention group. KM
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1-year OS 63% vs 48%, a 15% absolute bene-
fit. No change in QOL between groups.
Kumar, JCO 2017: interview 2300 families of
deceased patients with advanced lung or
colorectal cancer. Patients enrolled in hospice
had more pain, the right amount of pain med,
help with dyspnea, EOL wishes followed,
excellent quality with EOL care, and highest
QOL.

KPS vs ECOG

KPS ECOG Description

90 1 Restricted in strenuous activity

70 2 Unable to work. Out of bed >50% of
waking hours

50 3 Limited self-care. Out of bed <50% of
waking hours

30 4 No self-care
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