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PREFACE

This eBook was started largely a project of summer 2014 when I worked in New York City [1].
This ebook largely deals with challenging clinical scenarios in clinical oncology using advanced
stereotactic radiation treatment machines. It particularly focuses on modern large dose per
fraction stereotactic radiotherapy (SBRT), non-invasive stereotactic radiosurgery (SRS), and re-
irradiation that has been thought to be very high risk because of normal tissue tolerance has
been reached in most cases in these patients. This ebook reviews the relevant techniques that
are important to re-irradiation, the outcome and how to select patients for re-irradiation. It also
introduces the readers to The Cancer Genome Atlas (TCGA) that is a new public platform allows
researchers anywhere in the world to mine the relationship between genomic and clinical data. As
my thoughts on what are important in Radiation Oncology changes over time. To catch time like
an impressionist, this book treads lightly and deeply in current and emerging topics in Radiation
Oncology. As of now, this ebookis meant to be a foundation and will be added and edited from
time to time. The content of this ebook only represents my views, not of any association I am
associated with.
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Stereotactic Radiosurgery (SRS)
And Re-SRS Of Brain Tumors

BACKGROUND

Stereotactic Radiotherapy (SRS) is a well established radiation treatment for brain tumors [1].
The dose fall off of SRS is very steep, the dosing could go from acceptable to exceeding normal
tissue tolerance over 1-2 mm. Therefore, SBRT and SRS require very high quality imaging [2]. SRS
requires very precise stereotactic radiation treatment machines. For example, CyberKnife is a
compact LINAC mounted on a robotic arm [3]. It tracks the skull position using X sight orthogonal
x-rays [4]. Then adjust the LINAC to deliver the radiation doses accurately. It usually goes through
a large number of positions (nodes) to deliver the radiation dose. This allows for very high
conformality index i.e. degree of coverage of the Gross Target Volume (GTV) [4]. The CyberKnife
Multiplan radiation treatment planning system allows dedicated SRS MRI [4] to be fused to the
treatment CT to contour the GTV and clinical target volume (CTV). The planning target volume
(PTV) margin that accounts for positional errors could be as tight as 2 mm because of the tracking
[4]. This paper is a part of a series discussing using advanced stereotactic radiation treatment

machine to address challenging clinical scenarios [5,6].
HYPOFRACTIONATED RADIOTHERAPY OF BRAIN TUMORS

In the past, 85% - 95% of metastatic brain lesions are controlled with SRS when the median
survival was 4-6 months [7]. But now with better systemic agents, more patients survive longer.
Most brain metastatic lesions after SRS are stable or decrease in size. But about one third had a
transient increase in size, defined as >120% change in volume [7]. Median survival of 9.5 months
for 46% stable/decreased patients, 16.4 months for 9% increased patients, and 14.4 months for
45% mixed response patients. About half of the patients have one lesion increase in size during
the follow up. Only 8%patients eventually salvage surgery for focal neurological deficits [7]. It
has been proposed that the transient increase in size may be due to vascular damage and the
associated immune response [7].

Many patients are found to have new brain metastases from treatment planning MRI. In one
study, on the day of treatment, the patients underwent gadolinium enhanced 3-Dimensional 1.5
Tesla MRI with 2 mm slices. The average time between the referral and treatment MRI was 31
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days in the study. 41 % of Gamma Knife patients who found to develop additional brain metastasis
[8]. Median survival of 6.9 months for the patients with additional metastasis on treatment MRI

compared with 12.1 months for patients with no additional metastasis [8].

Radiation resistant clear cell renal cancer brain metastasis has been successfully treated
with Linac-based SRS system [9]. In this stusy, patients with 5 or less lesions were treated with
SRS. Patients with more than 5 lesions were treated with whole brain radiotherapy followed by
SRS boost to the larger lesions. MRI was performed every 2-3 months after the radiotherapy,
additional lesions when found were treated with SRS. The doing schedule is as follows: patients
with brain metastasis with a maximum diameter < 2 cm, were treated with 20 Gy - 24 Gy; 2 -
3cm, were treated with 18 Gy; and 3 - 4 cm, were treated with 15 Gy. Lesions larger than 4 cm
were general not treated with SRS. In the study, there were 84% patients treated with 1 SRS
treatment, the rest received 2 treatments. Treatment dose was prescribed to cover 95% of the
target volume (range: 80% - 97%). Some of these patients also received immunotherapy (high-
dose intravenous interleukin-2, low dose subcutaneous interleukin-2, Interferon-a) and anti-
angiogenic (Bevacizumab, Sunitinib, and Sorafenib) [9]. The median survival from diagnosis
was 10.1 months. Addition of WBRT and surgery did not improve overall survival but sequential
immunotherapy improved survival [9].

Hypofractionated radiotherapy 21 - 30 Gy over 3-5 fractions is also an option for partial brain
radiation therapy for large brain metastases from breast, lung, melanoma, and others [10]. When
the tumor is larger than 3 cm, there is a 1 cm midline shift, close to critical structures or when
the patient was previously irradiated to a high dose, they are at increased risk of toxicities [10].
In this study, the median maximum gross tumor volume/cavity size dimension of 3.9 (13.6 cc),
range 0.8 (0.2 cc) - 6.4 (57 cc) cm or cavities not amenable to single fraction radiosurgery [10].
The previous RT and median (range) dose to the hypofractionated treatment site was: whole
brain radiotherapy 37.5 (30 - 45) Gy, 18 (5 -21) Gy, 47.5 (10 - 60 Gy) and combination 41.25
(10 - 75) Gy [10]. Median time from previous radiation treatment was 13 (0.3 - 32.4) months
[10]. In this study, 0 -10 mm safety margins were used. 10 mm margin was used when there was
ambiguity about the target volumes. One year actuarial local control of the study was 61% and
progression free survival was 55% [10].Brain metastasis with concurrent Tarceva was used with
hypofractionated whole brain radiotherapy 4 Gy x 5 has been found to be safe [11]. There was no

difference in toxicity in group using the Tarceva compared with the placebo group [11].

Leukoencephalopathy risk is much lower for SRS with Gamma Knife alone when compared
with SRS with whole brain [12]. Based on T2/FLAIR (Fluid Attenuated Image Recovery), 97.3 %
of patients (36 out of 37) treated with SRS and whole brain developed leukoencephalopathy, 70.8
% with grade 3 (diffuse white matter changes) on MRI, and 1 out of 31 treated with SRS developed

grade 2 (limited periventricular white matter changes) [12].

Austin Open Access - eBooks | www.austinpublishinggroup.com/ebooks 2



RE-IRRADIATION OF RECURRENT BRAIN TUMORS

The major sites of re-treatment are brain metastasis [3], spinal metastasis [13], recurrent head
and neck [14], lung[15], liver [16] and colorectal cancers [17]. CyberKnife and other advanced
systems with similar capacities have been successfully used in these scenarios [18-20].Tumor
control probability (TCP) of recurrent cancers may be different than the original ones [21,22].
Biologic Effective Dose (BED) [23] and EQD2 calculations (Biologic Equivalent Dose at 2 Gy
(EQD2) [24]could be calculated. QUANTEC [25] guideline could be used for re-irradiation, but
QUANTEC has been tested clinically in re-irradiation.

Standard initial treatment for malignant glioma includes surgery followed by chemoradiation
with Temozolomide [26]. Most recur within a year. Stereotactic radiosurgery for recurrent
malignant brain glioma is an accepted treatment modality but remain challenging because of the
infiltrative nature of the tumor and almost all of these patients had brain irradiation as part of the
initial treatment [27]. Advanced imaging is needed to delineate the recurrent brain tumor. It has
been shown that adding increased FLAIR (Fluid Attenuated Inversion Recovery) intensity area
[28].

Re-irradiation after whole brain has been performed and found to be effective and with
acceptable toxicity using 3-Dimensional Conformal Radiotherapy (3D-CRT) [29]. The mean target
dose used was 3600 cGy (range 3060-5940 cGy). The mean total cumulative dose ranged from
8060 to 11940 cGy [29]. After retreatment, 8 of 12 patients (67%) had steroid dose decrease and
clinical improvement. 1-year survival was 26% [29].

Hypofractionated stereotactic re-irradiation has also been found to be safe and effective [30].
19 patients with recurrent malignant glioma (Glioblastoma and anaplastic astrocytoma) were
treated with linear accelerator, median daily single dose 5 (4-10) Gy, the median total dose 30 (20-
30) Gy in 4 - 5 fractions, median planning target volume 15 (4-70) ml. All patients were treated
with involved-field radiotherapy with 45 - 61 Gy, and 94% were pretreated with chemotherapy
(most often nimustin (ACNU) and teniposide). In this study, 3 mm CT with intravenous contrast
was used. The contrast enhancing lesion was contoured as gross tumor volume (GTV). PTV margin
used to account for positional errors was 1-3 mm in this study [28]. A large margin has been
suggested by others [28]. Patients were maintained on steroid during the radiation treatment,

daily dose s ranged from 32 mg of prednisone and 40 mg of dexamethasone [28].

SRS achieves its effects by destroying the tumor vasculature, but it may also stimulate neo-
vascularization [26]. SRS with Bevacizumab was found to be effective after failing Bevacizumab.
The median SRS dose used for 63 patients was 15 Gy (range, 12.5 - 25 Gy). Twelve patients were
treated with 25 Gy in 5 fractions, with NovalisTx system, all others were treated with a single
fraction [26]. In this study, 10% patients has radionecrosis. Most of the patients with symptoms
were managed successfully with steroids and/or antiepileptic medication [26]. Therefore, salvage
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stereotactic radiosurgery could be used safely with adjuvant Bevacizumab for recurrent grade 3
or 4 gliomas [26].

Re-irradiation with SRS has an advantage of delivering high dose with high precision to small
volumes in children. In one study, SRS was used to treat recurrent intracranial ependymomas in
children that has high recurrence rate [31]. In one study, children with recurrent medulloblastoma
of the brain were treated [32]. The median dose for fractionated stereotactic radiotherapy (FSRT)
was 24 Gy, and 15 Gy for SRS. The median age was 16 years old, all had cranio-spinal radiotherapy
and posterior fossa boost to a total dose of 54 Gy. Chemotherapy was given to all patients [32].
No brain necrosis was seen after a mean follow up of 88.5 months. However, in other studies, it
has been reported that brain necrosis occurred beyond an cumulative EQD2 around 100 Gy [33].
There is no definitive data on how histology impact on the re-irradiation outcome for recurrent/
progressive brain metastasis [34].

Treatment of recurrent high grade gliomas has been performed with hypofractionated image-
guided helical tomography [35], BrainlabNovalis system [36] and linear accelerator (LINAC) [37].

BENIGN MENINGIOMA

Meningiomas are tumors arising from the which meninges, extra axial Central Nervous System
(CNS) tumor [38]. Most (90%) are begnin, 6% are atypical and 2% are malignant ref. One study
compared the tumor and critical organ contours for pituitary and meningioma [39]. Of note, the
contours of the optic chiasms may be variable that could lead to an overdose of about 24 Gy
beyond the optic chiasm radiation tolerance of 50 Gy in 2 Gy fractions [39]. It is important to

obtain a thin cut MRI in treating meningiomas close the optic chiasm.

The high dose per fraction increases the likelihood of cerebral edema. In a study of post-
radiation peritumoral edema [40], 173 mostly WHO grade I meningioma patients underwent
Gamma Knife of CyberKnife SRS for meningiomas. 62 patients had parasagittal, parafalcine, and
convexity locations. The median tumor volume was 4.7 mL (range, 0.1 - 231.8 mL). About 50%
had surgery. The median prescribed dose was 15 (range, 9 - 40 Gy) over 1 to 5 patients except
in two patients. The median prscribed biologically equivalent dose (BED) was 67 Gy (range, 14 -
116 Gy) [40]. The tumor control rate was 94%. 8% developed symptomatic peritumoral edema
with a median onset of 4.5 months (range, 0.2 - 9.5 months). Large tumor volume and using
single fraction are risk factors for developing symptomatic peritumoral edema [40]. Parasagital
meningioma, when compared with non-midline lesions, has been found to have about 4 times
higher risk of developing post-SRS symptomatic peritumoral edema (35.2 % versus 7.8 % at 18
months after SRS [41]. Meningiomas close to large veins are also at higher risk of developing
peritumor symptomatic edema [42] using CyberKnife treating to 25-35 Gy over 5 fractions [42].

CyberKnife has been used in benign optic dural sheath meningiomas[43-45]. In one study
[46], a threshold meningioma diameter of 2.56 cm and PTC volume of 11 cm3 was found from
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31 patients. The median dose was 27.8 Gy (range, 21-36 Gy) over 3 to 5 fractions [46]. At 5 year,
the tumor control was 83%. Half of these are WHO grade I intracranial meningiomas by histology

from surgical resection, and about half from radiographic diagnosis [46].

CyberKnife has also been used in spinal schwannomas (28) and meningiomas (11, WHO grade
[) [47] because of tumor recurrence, remnants after microsurgery, multiple lesions, or refusal of
surgery. The median prescription dose was 14 Gy in one fraction to the 70% isodose line. The
median target volume was 3.4 cm3 (range, 0.2 - 43.4 cm3). At 18 months, there was no tumor
progression [47]. CyberKnife extends SRS to about 30% meningioma patients (tumor larger than
8 mL or close to critical structures) who could not have been treated with single fraction SRS
[48]. For WHO II sub totally resected meningioma, SRS covering the tumor only rather than the
post-operative bed achieve similar results to conventional radiotherapy covering larger volume.
The median marginal dose of 22 Gy (range, 16 - 30 Gy) in over one to four fractions. The median
tumor volume of 5.3 cm3 (range, 0.3 - 26.0). Number of recurrences before SRS, waiting until
progression are predictors of worse outcome [49]. 36 months local regional control is about 70%
[49].

CONCLUSION

Combined SRS and re-SRS appear to be very effective and safe. SRS should be considered as a
standard treatment for brain tumors.
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Stereotactic Radiosurgery (SRS) and
re-SRS of Primary and Metastatic
Spinal Tumors

BACKGROUND

Spinal tumors are difficult to treat because of spinal cord is a radiation dose limiting structure
[1]. Most spinal tumors are metastases from cancers such as breast cancers, prostate cancers, lung
cancers, rectal cancers, and primary spinal cancers such as sarcomas, and gliomas [1]. Traditional
radiation radiotherapy in conventional fraction such as 30 Gy over 10 fractions resulted in about
70-80% local control for metastatic spine cancers, with Stereotactic Body Radiotherapy (SBRT),
the local control rate of about 90% has been achieved [2]. Both terms SRS and SBRT have been
used in the literature of spinal irradiation [3]. Traditionally, SBRT of spine cancers has been limited
to previously irradiated, poor prognosis patients, but with the promising treatment outcome the
indications for SBRT of spine cancer are expanding [2]. This a part of papers discussing the use of
advanced stereotactic radiation treatment machines in challenging clinical scenarios [4,5]. There
is steep dose gradient in SBRT and SRS, the dosing could go from acceptable to exceeding normal
tissue tolerance over 1-2 mm. Therefore, SBRT and SRS require very high quality imaging [3].

STEREOTACTIC HYPOFRACTIONATED RADIOTHERAPY OF
BENIGN SPINAL CANCERS

Spinal benign intradural, extramedullary tumors have been treated with SBRT [6,7].
Currently, the dosing of spine cancer SBRT closely follows that used in intracranial SRS. In one
study [6], thirty schwanomas, nine neurofilbromas, and sixteen meningiomas were treated to
16 to 30 Gy over 1 to 5 fractions on consecutive days. The tumor volumes ranged from 0.136
to 24.6 cm?. Note that the volume of a sphere of 1 cm diameter is 0.52 cm?, for the volume for
3 cm diameter is 14.14 cm?, 65.45 cm?® for 5 cm diameter, and 179.59 cm3 for 7 cm diameter.
Radiation induced myelopathy occurred 8 months after SRS in one patients. 3 patients required
surgical resection of their tumor because of persistent of worsening symptoms [6]. Others have
also found SBRT for benign spinal tumors are safe and effective [7]. Spine SBRT could be could
now be done without fiducials using advance stereotactic treatment machines such as Cyberknife
[8]. Spine stereotactic body radiotherapy has also been performed with helical tomography [9]

and volumetric modulated arc therapy [10].
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STEREOTACTIC HYPOFRACTIONATED RADIOTHERAPY OF
METASTATIC SPINAL CANCERS

Spinal metastases occur in about 20% of cancer patients [11]. Tumor sensitivity, extent of
epidural component, mechanical stability, and the status of systemic disease may determine the
optimal radiation and surgical treatment for spinal metastasis [11]. The goal of SBRT for spinal
metastases are palliative, reducing pain and improving spine stability, and quality of life [11].
SBRT has similar or superior outcome in the treatment of spinal metastases when compared with
conventional and/or surgery [12,13]. A review of spinal metastases studies with 1400 patients
found a cumulative local control rate of 90-95% and a myelopathy risk of less than 1% [12,13].

SBRT for solitary spinal metastases has been performed in inoperable patients [14]. PET
and/or MRI may be required to delineate the gross target volume GTV and spinal cord volume
[14,15]. Because of the accuracy of the stereotactic targeting, zero mm has been used for the PTV
expansion [16]. Some radiation oncologists use an additional 2-3 mm added to the GTV to form the
treatment volume [14]. This additional margin may account for the intrafractional motion [9,17].
Some radiation oncologists may treat the entire vertebral body [18]. The treatment volumes and
prescription doses may need to be adjusted to meet the spinal cord radiation dose constraints for
epidural tumors or tumors close (< 1 mm) to spinal cord [15]. The spinal tumor could be tracked
with or without [19] fiducials.

A phase II/III study has demonstrated the feasibility for spine SRS for localized (1-3) spine
metastases [20]. The dose used was 16 Gy in a single fraction. The image guidance was found to
be accurate to < 2 mm, the spine cord constraints were met (< 10 Gy to < 0.35 cc of absolute spinal
cord volume, or < 10% of cord 5-6 mm [14] above and below the target volume. Some radiation
oncologists would contour the spinal cord to the level of the tumor D10% [15]). Other normal
tissue constraints were also met [20]. There were no grades IV or V toxicities [20].

SBRT has been used in treating radiation resistant tumors such as melanomas and sarcomas
that are believed to have low alpha/beta ratio [3]. In one study, spine SBRT has been used in
radiation resistance renal cell kidney cancer; there was a small risk of spinal compression fraction
[21]. In that study, baseline vertebral column fracture and 18-24 Gy in a single fraction are risk
factors of vertebral column fracture [21]. Of note, balloon kyphoplasty with cement augmentation
in patients with vertebral column fracture from spinal metastasis has been associated with tumor
extravasation with subsequent tumor migration into adjacent area [22].

In other studies, radiation resistant primary and metastatic spinal sarcomas have been
successfully treated with SRS [23,24]. In one study, 16 — 45 Gy doses were delivered to the tumor
margins over one to three sessions [23] and the median single session equivalent dose was 21.8
Gy [23]. Median local progression free survival was 23 months [23]. And pain control was 61.5%
at 2 years [23]. Foley catheters placed intraoperatively have been found to prevent injury to the

bowels in SBRT of sarcoma of sacrum [25].
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SRS OF SPINAL CANCERS WITH CONCURRENT SYSTEMIC
TREATMENT

In one study [15], 16 - 24 Gy peripheral dose was delivered to previously unirradiated spinal
metastases. In the study, renal cell histology received higher doses. There were no significant
differences in outcomes for different SBRT doses and histology [15]. However to further improve
treatment outcome, anti-angiogenic agents sunitinib and sorafinib have been used simultaneously
with SRSof spine metastases especially for the radiation resistant renal cell tumor [16]. There was
no added toxicity from the anti-angiogenic therapy by adding SRS [16].

RE-IRRADIATION OF SPINAL CANCERS

SBRT has been used for recurrent epidural spinal metastases after conventional fractionated
radiation for spine metastases [26]. In this study [26], 24 Gy over 3 fractions when the tumor did
not touch the spinal cord, and 25 - 30 Gy were used over 5 - 6 fractions when the tumor touches
the spinal cord [26]. The cord surface received up to the prescription dose and there were no hot
spots in the cord. Median progression free survival was 9 months, and there were no significant
toxicities other than fatigue [26].

SBRT OF OTHER SPINAL LESIONS

Intramedullary lesions SRS is still developing [3]. Arteriovenous malformations, ependymomas
and hemangioblastoma have been treated effectively with SRS [3]. SBRT has also been used for
intraspinal hemangiopricytoma [27] and benign but painful osteoid osteoma [28].

POST-OP SBRT OF SPINE CANCERS

Postoperative Spine SBRT has been reported [29]. Post-operative SBRT to 18-26 Gy over 1-2
fractions and absence of postoperative epidural disease predict better local control [29]. For
treatment planning, 1 mm CT slices, and 1.5 mm thin slice T1 and T2 non-contrast MRI were
fused to the treatment CT [29]. Planning CT myelogram was obtained if surgical instrumentation
distorted the MRI. In this study, a donut shaped CTV and PTV was used. Spinal tolerance was
followed for radiation-naive and irradiated patients in this study [29]. High dose hypofractionated
postoperative SBRT 24-30 Gy over 3 fractions have been found to be better than lower doses 18-
36 Gy over 5-6 fractions after decompression surgery [30].

CONCLUSION

SBRT is safe and effective in treating primary and metastatic spinal cancers. Spine SBRT has

also been found to be cost effective [31].
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Hypofractionated Radiotherapy and
Re-Irradiation of Breast Cancers

BACKGROUND

This paper is a part of a series [1,2] discussing the use stereotactic hypofractionated
radiotherapy in challenging clinical scenarios. This paper will discuss the use of advanced
radiotherapy techniques including stereotactic radiotherapy using CyberKnife, and Stereotactic
Radiosurgery (SRS) in treating early and advanced breast cancer. This paper will also discuss re-

irradiation used in the setting recurrent breast cancer.

HYPOFRACTIONATED RADIATION THERAPY OF EARLY BREAST
CANCER

Over the past 30 years, the treatment of early breast cancer has become less radical, from
radical mastectomy to the current breast conservation therapy [3]. For early breast cancers,
adjuvant radiation therapy after lumpectomy has been shown to decrease local recurrence by
about 2/3 and improve overall survival by about 10% [3,4]. The typical dose and fraction for
whole breast adjuvant radiotherapy is 45-50 Gy in 1.8 - 2 Gy fractions with or without a boost
to the surgical bed [3,4]. Although most radiation oncologists boost the surgical bed even when
the margin is negative [3,4]. This schedule may be inconvenient to some breast cancer patients
because of co-morbidity and distance from the radiation treatment center. To accelerate the
treatment process, whole breast adjuvant hypofractionated radiation therapy to 40.05 Gy in 15
fractions has been used. When boost was used, 9 Gy over 3 fractions was used [4]. The use of
boost and diabetes were associated with worse late skin toxicity [4]. However, no grade 3 skin
toxicity was found [4].

It has been found that 90% of the breast cancer recurrence has been found within the wide
local excision (lumpectomy) site based on NSABP B-6 randomized trial for early stage (stage I and
stage II) breast cancers [5]. There are 50 % of multicentric foci located outside the index quadrant
but suggesting they mostly do not result in local recurrence [6,7]. Thus currently, radiation
treatment focusing on the lumpectomy cavity itself has been used [3,8]. To reduce chronic breast
and chest wall pain, cardiac toxicity, and poor cosmesis [9]. Different approaches of partial breast
irradiation are being studying against whole breast RT including intraoperative single doses,

Austin Open Access - eBooks | www.austinpublishinggroup.com/ebooks 1



hypofractionated accelearated brachy therapy, and LINAC (linear accelerator)-based three
dimensional external beam therapy [9]. Dose to whole breast and tumor bed were 40.5 Gy and 48

Gy respectively over 15 fractions over 3 weeks [10] using Rapid Arc is well tolerated.

CyberKnife has been used in partial breast RT [11,12]. In this study [11], the CTV is the surgical
bed plus 10-15 mm, PTV expansion is 2mm. The gold fudicials were sutured into the cavity wall
during lumpectomy. CyberKnife tracks them with Synchrony. Treatment starts 4-5 weeks after
surgery, there was no acute toxicities at median follow up of 7 months (range 4-26), the early
and late cosmesis are good or excellent [11]. Electron beam has also been used intraoperatively
to deliver 5-20 Gy respectively to 1 cm and 0.2 cm of the tumor bed over about 20 minutes [6,8].

Chemotherapy and targeted therapy are indicated for some early stage breast cancer
patients[13]. The risk of recurrence with or without adjuvant chemotherapy could be calculated
using tools such as Adjuvant! Online based on factors including patient age, tumor size, nodal status,
histologic grade and other factors [13,14].The risk model have been validated with population
based data [14]. Genomic profiling on risk of distant metastasis has also been done with Oncotype
DX, mammaprint and PAM50 [13]. Integrating systemic treatment and hypofractinated radiation
treatment needs to be performed cautiously, and will be reviewed separately.

SRS OF BRAIN METASTASES OF BREAST CANCER

10-30% of breast cancer patients develop brain metastases, and the second most common
cause of brain metastases, and 2-5% developed leptomeningeal disease [15-17]. Brain metastases
from breast cancer cause significant morbidity and mortality [15,18,19]. The treatment for breast
cancer patients with brain metastases includes surgical resection, whole brain radiotherapy, SRS,
and systemic treatments for particular cell types [16]. Single fraction Gamma Knife has be found
safe and effective upfront and salvage treatment for these patients [15,20]. The median dose
was 22 (range 20 - 25) Gy was used. Overall survival was 48.3% at one year. Local recurrence
occurred in 38.6% at a median time of 6 (range, 4, 16) months. Tumor volume larger than 5000
mm3 and poor performance status are associated with poor outcome [18]. SRS has been found
to preserve the neurocognitive function better. Trastuzumab has been used in Human Epidermal
Growth Factor Receptor 2 (HER2) positive breast cancer patients with repeat brain RT and has
been found to be safe and effective [21].

Increasing number of these breast cancer patients has been treated with brain RT and repeat
RT [21]. Salvage SRS after whole brain for breast cancer patients with good performance status
is considered a reasonable option [21-24]. Active extracranial disease and number of brain
metastases are predictor of outcome [24]. These patients have a median survival more than 9
months, and for HER2 positive tumors at diagnosis or stable extracranial disease at the time of
SRS have median survival > 1 year [22]. MRI of the brain should not be performed routinely, but
should be performed at a low threshold because of high incidence of brain metastases among
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patients with HER2 positive advanced breast cancer patients [25]. In one study, 1-15 brain lesions
were treated with Gamma Knife to a median dose of 20 Gy (range 9-20 Gy). HER2 positive brain
metastatic patients have improved survival but increase proportion from neurologic death. And
basal subtype has higher risk of distant brain failure [26]. Leptomeningeal failure after radiation
therapy, SRS, surgery, chemotherapy and biologic therapy had prolonged survival with systemic

bevacizumab and capecitabine[27].
RE-IRRADIATION OF RECURRENT CHEST WALL BREAST CANCER

Breast cancer patients with chest wall recurrence could be treated with re-surgery and chest
wall re-irradiation [28]. In a series for breast cancer chest wall (2" to the 6"/7%intercoastal
spaces) recurrence from University of Ttibingen, 56 Gy was administered, and treated with post-
operative 60 (45 - 66) Gy re-irradiation (median field size of 17 x 17 cm) for close (< 0.5 cm)
or positive margins, perinodal involvement, multiple recurrences, or other high risk features.
The re-irradiation was with concurrent hyperthermia, with sequential chemotherapy (17%) of
hormone therapy (19%) [28]. When indicated regional lymphatics (supra-, infraclavicular regions,
parasternal or axillary) was treated to 50 Gy in 2 Gy fractions. The total cumulative dose was 110
(85 - 112) Gy. Median time to re-irradiation 53 (12 - 401) months. Late toxicities 3 months after
re-irradiation including radiation dermatitis, induration/fibrosis, teleangiectasia, pericarditis,
pericardial effusion, and pneumonitis was graded according Common Toxicity Criteria (CTC 3.0).
With a median follow up of 41 months, 5 years estimated local control was 62%, overall survival

was 59%, no grade 3 or higher toxicity.
CONCLUSION

Advanced stereotactic radiotherapy techniques are essential to the management of early and
advance breast cancer patients. Chest wall re-irradiation is safe and effective in treating chest

wall recurrences.
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Stereotactic Hypofractionated Radio-
Therapy of Primary and Metastatic
Lung Cancers

BACKGROUND

Primary lung cancers and metastatic cancers to the lungs are the leading cancer-related
death in men and woman [1]. Main treatments include surgery, Radiofrequency Ablation (RFA),
chemotherapy and radiotherapy [2,3]. RFA has successfully been used to treat primary and
metastatic liver cancers. Now it is becoming more popular in treating lung cancers [4]. Stereotactic
Body Radiotherapy (SBRT) is a method of external beam radiotherapy for extracranial sites in
one of few fractions [5]. For treatment of early stage non-small cell lung cancer (NSCLC), SBRT
appears to be equivalent to sublobar resection and is an effective alternative to operable patients
refusing lobectomy [5,6]. In addition, SBRT for early lung cancers has been found to be cost
effective [7]. This paper is part of a series discussing the use of advanced stereotactic radiation

treatment machines in challenging clinical scenarios [8,9].
SBRT OF PRIMARY AND METASTICLUNG CANCERS

The Biologically Equivalent Dose (BED) [10] for primary and metastatic lung cancers has been
studies [11]. The BED depends on the alpha/beta ratios, one study has suggested early stage non-
small cell lung cancer (NSCLC) has a ratio > 10 Gy [12]. For lung cancers smaller than 3 cm, BED
less than 150 Gy has been found to be effective, for lung cancers larger than 3 cm, BED greater
than 150 Gy is needed [11].

SBRT for NSCLC covers only the gross lung tumor. However, a study contoured the ipsilateral
and contralateral levels, lymph node stations 2 to 7, and ipsilateralhilar lymph node stations, it was
found that SBRT also resulted in significant RT dose the draining lymphatics [13]. For CyberKnife
tumor tracking, tumor size > 3.5 cm and good tumor radiographic density predicts 80% chance
of being adequately tracked by fiducial-less lung tumor tracking with XSight Lung tumor tracking
[14]. Helical tomography SBRT [15]. This would greatly reduce the margin needed. For the other
patients, the Internal Target Volume (ITV) generated for the early lung cancer primary using 4
phases 4-dimensional Computed Tomography (CT) was found to be most efficient and effective
when compared to 10 phases and two phases [16].
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The size of Gross Tumor Tumor (GTV) has been associated with grade 5 radiation pneumonitis
[15]. In addition, SBRT patient for centrally located lesions with esophagitis during or after SBRT
should be monitored closely [17]. Fatal full thickness perforation may occur from this [17]. Chest
wall toxicity is acceptable when the dose and fractionation are adjusted to chest wall dosimetry
[18]. In one study, patients were treated with 54 Gy in three 18 Gy fractions when chest wall V30
was less than 30 mL or 50-60Gy in five 10-12 Gy fractions. Using these treatment guidelines, 6.9%
patients developed rib fractures, Grade 3 chest wall pain was 1.4 %. No grade 4 or 5 chest wall
pain [18].

In patients with only limited and controlled oligometastatic lesions (1-5 lesions), SBRT
consolidation has been found to be useful [19]. For example, SBRT has been used to treat lung
oligometastases from various primaries [20,21]. In one study [20], < 5 lung lesions were treated.
Doses used were 48 Gy over 4 fractions for peripheral lesions, 60 Gy over 8 fractions for central
lesions, and 60 Gy over 3 fractions for peripheral lesions with diameter < 2 cm [20]. Local control
in the study was 89% at 3 years and there were no major pulmonary toxicity, chest wall pain
and rib fractions [20]. In another study [21], daily 8-12 Gy x five fractions was used to treat lung
oligometastases. The median dose used in that was 50 Gy (range: 40 - 60 Gy) prescribed to 80%
isodose line covering the planning target volume (PTV). The PTV was definedas 7 - 11 mm as GTV
expansion. In the study, the primary tumors included traditionally considered radiation resistant
melanoma, renal cell carcinoma and sarcoma. The overall 3 year local control was 80% [21].

SRS OF METASTATIC LUNG CANCERS TO THE BRAIN AND
SYSTEMIC TREATMENT

SRS for metastatic lung cancers to the brain has been found to be less toxic than whole brain
radiotherapy [22]. Addition of Temozolomide (75 mg/m2/day x 5 days a month, or erlotonib
(150 mg/day) to WBRT (37.5 Gy in 2.5 Gy fractions) and SRS caused a deleterious effects in
overall survival [23]. Although this decrement has not been directly linked to the concurrent
chemotherapy [23]. In a case report, pathologic vertebral fracture has been reported in a patient
with urothelial lung metastasis with 48 Gy in three fractions over 6 days [24]. There is no consensus
on re-SRS of brain metastasis. Some have reported it is safe and effective for recurrent metastatic
NSCLC to the brain [25]. SBRT has also been used to treat Superior Vena Cava Syndrome (SVCS)
effectively [26].

Gamma Knife has been used in treatment lung cancer brain metastases = 4 lesions in a
single session [27]. The median tumor volume was 1.2 cc. Tumor volume 2= 3 cc (about 1.8 cm in
diameter), there is worsened survival. The median dose was 21 Gy prescribed to 50% isodose line.
The median overall survival was 6.7 months from SRS [27]. SRS for small cell brain metastases is

effective, however, 50% of patients required re-irradiation [28].

Systemic treatment is an important part of lung cancer treatment. Tyrosine kinase inhibitors
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have been effective in treating brain metastasis from NSCLC [29]. Taking concurrent crizotinib
and local ablative therapy, followed by sequential crizotinib in analplastic lymphoma kinase-
positive NSCLC was safe and effective [30]. Concurrent erlotinib and SBRT (54 Gy/9 fractions)
has been found to be effective in one patient in a case report [31]. More data are clearly needed
to establish the efficacy and safety for adding systemic treatment to very large ablative doses of
radiotherapy.

RE-IRRADIATION OF RECURRENT LUNG CANCERS

In one study [19], 44 patients were re-irradiated with external beam radiotherapy for in-field
recurrence of primary lung cancer after 50 - 70 Gy initial radiotherapy [19]. This re-irradiation
dose ranged from 30 to 60 Gy. The median survival after re-irradiation was 6.5 months. 74% of
the patients had improved or complete resolution of symptoms. 3 patients had grade 2 and 3

pulmonary toxicity [19].

SBRT has been used in re-irradiate previously irradiated lung cancers [1]. In a review of re-
irradiation studies, 140 patients were included, initial thoracic dose ranged from 50-87.5 Gy and
median re-irradiation dose ranged from 40-80 Gy. Local control rates ranged from 65-92%. There
were few grade 4 and 5 complications [1].

CONCLUSION

SBRT and SRS are effective and safe treatment for primary and metastatic lung cancers even
in the re-irradiation setting. They should be considered as standard of care treatment options.
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Stereotactic Body Radiotherapy

(SBRT) and re-SBRT of
Gastrointestinal Cancers

BACKGROUND

Gastrointestinal (GI) cancers is a significant cause of death from cancers [1]. The major sites of
Gl cancersare include the colorectal cancers, esophageal cancers, pancreatic cancers, liver cancers,
and biliary cancers [1]. For colorectal cancers, there were 51000 deaths, and 142500 new cases
in 2010 [1]. The treatment of GI cancers depends on the primary [2]. Typically, resected tumors
are resected, and chemoradiation with or without surgery are used to treat locally advanced GI
cancers [2]. Radiotherapy usually spans over 6-7 weeks using conventional dose and fraction
(1.8-2 Gy, daily dose and five days a week). To improve outcome, Stereotactic Body Radiotherapy
(SBRT) has been used to spare normal tissues with modern stereotaxy and dose escalate with
large daily doses leading to higher biologic effective dose [3] in selected sites. This paper is part
of a series discussing the use of stereotactic radiotherapy in challenging clinical scenarios [4,5].

SBRT OF GI CANCERS

SBRT 25 Gy over 5 fractions prescribed to 75-83% isodose line was used with full dose
concurrent gemcitabine (1000 gm/m2) and was found to be safe in treating inoperable pancreatic
cancer [6]. Duodenal toxicity may be higher with gemcitabine and single 25 Gyfraction SBRT [7].
SBRT tend not to interrupt the gemcitabine-based systemic treatment when compared to the
conventional six to seven weeks of conventional chemotherapy [8].Grade 3 and 4 GI toxicities are
usually associated with systemic treatments [9].

SBRT for pancreas and liver tumors, organs at risk include stomach, duodenum and liver [10].
For targeting using fiducials in advanced stereotactic radiation machines such as CyberKnife, the
fiducials could be place under Endoscopic Ultrasonography (EUS) for pancreatic and liver lesions

[11]. Complications include spontaneous fiducial migration and mild pancreatitis [11].

Primary or recurrent cholangiocarcinoma with SBRT has been reported [12-15]. In one
study [12], with a median dose of 55 Gy (range 45 - 60 Gy) daily over three or five fractions
[12]. Treatment response and toxicities were graded were graded. The sites treated were liver,
abdominal lymph nodes, and adrenal gland. With a median follow up of 14 months, local control
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was 100%. Toxicities include GI pain, biliary stenosis and liver failure [12]. In another study [13],
27 pateints treated with 45 Gy in 3 fractions was used to treat intrahepatic and Klatskin tumors
with linac-based SBRT. Median followup of 5.4 years, 6 patients had severe duodenal/pyloric
ulceration and 3 patients had duodenal stenosis [13]. SBRT has been used in treating primary and

metastatic liver cancers [5,15-18].

Small bowel injury with SBRT is increased when anti-angiogenic therapy (Bevacizumab,
sorafinib, pazopanib, and sunitinib) is used sequentially, Grade 3-5 ulceration or perforation was
increased. 6 months estimate of small bowel injury for receiving (Vascular Endothelial Growth
Factor Inhibitor (VEGFI) within 3 months of SBRT has a risk of 38% [19]. The median SBRT dose
was 50 Gy over 5 fractions [19].

SBRT AND SRS OF GI CANCERS

Oligometastases from colorectal cancer has been treated with SBRT [20]. In this study, one
to three inoperable metastases in lung or liver were treated with SBRT. Dose ranged from 48 to
75 Gy over 3 or 4 consecutive sessions. At median follow up of 2 years, 70 % of lung metastases
were controlled, 85% of liver metastases were controlled. 4D CT was obtained for all lung cases
and for liver cases with excursion more than 5 mm, ITV enveloped the GTV of all phases. CTV =
GTV or ITV when 4D CT was obtained. ITV expanded 5 mm to obtain the PTV. 7-10 mm cranial-
caudal axis and 4-6 mm in lateral axes from CTV to obtain PTV when 4D CT was not obtained [20].
Research and Treatment of Cancer Evaluation Criteria in Solid Tumors (RECIST) guideline [21].
Dose higher than 48 Gy over 3 fractions has been suggested to be used to treat liver metastases
[22].

Brain metastasis from GI cancers is a late sign [1,23]. Surgery plus WBRT has the best median
survival compared with surgery alone, SRS, WBRT alone, an steroid [1]. SRS and re-SRS of brain

metastases are discussed separately.
RE-IRRADIATION OF GI CANCERS

SBRT using Vairan True Beam™ treatment machine using Volumetric Modulated Arc Therapy
(RapidArc) has been used in treating abdominal /pelvic recurrence with acceptable tumor control
and toxicities [24]. Depending on the area of the GI tract being re-irradiated, there are different
critical structures surrounding the re-irradiated area. For esophagus, the critical structures are
the lungs, heart, trachea, proximal bronchi and great vessels. For abdominal areas, the critical
organs are kidney, liver, small bowel, duodenum and stomach. For pelvic areas, the sensitive
organs are the bladder, rectum, small bowel. To determine the dose and fraction for re-irradiation,
tumor control probability (TCP) of recurrent cancers may be different than the original ones
[25,26]. Biologic Effective Dose (BED) [27] and EQD?2 calculations (Biologic Equivalent Dose at 2
Gy (EQD2) [28] could be calculated. QUANTEC [29] guideline could be used for re-irradiation, but
QUANTEC has been tested clinically in re-irradiation.
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CONCLUSION

SBRT, SRS with and without chemotherapy are safe and effective treatments in treating

selected GI cancers, and should be considered as standard of care treatment options.
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Using Data from the Cancer Genome Atlas
(TCGA) to Model Outcome of Cancer Patients
to Guide Oncologic Treatment

INTRODUCTION

With the availability of human cancer genome data, individualized oncology treatment
may become a reality in the near future [1-4]. National Cancer Institute (NCI) has made a large
amount of cancer genome data available for the research community to mine and study through
The Cancer Genome Atlas (TCGA) [1-3,5]. TCGA is funded by NCI and National Human Genome
Research Institute (NHGRI). It was started in 2006. It has pooled high quality genome data from
individual research teams. TCGA allows the cancer researchers anywhere in the world to use
the download, search and provides the tool to analyze the genomic data of more than 20 cancer
types (https://tcga-data.nci.nih.gov/) [1-3].This paper summarizes how to use of TCGA largely
based on the information provided by the TCGA (http://cancergenome.nih.gov) and discuss the
potential of mining these data to build risk models for individual patients as a guide to treatment
selection.

TCGA DATA AND SOFTWARE

After launching the TCGA data portal, TCGA provides the following software to search and
download the data: 1. Data Matrix allows users to search and download subsets of currently
available data but it does not allow cross-disease search. 2. File Search is similar to Data Matrix
but it would allow cross disease type search and download. 3. Bulk Download allows the users
to download current and older data. The TCGA data are divided into open access (data are not
unique to individuals, no prior permission is required to download data) and controlled access
(data are unique to individuals, prior permission is required to download the data). Large scale
(more than 100 cases) and global (across platform or across cancer type) analyses using the TCGA
data require following publication and presentation guidelines or prior permission from TCGA
prior to publication, the specifics are listed and updated by the TCGA.

TCGA provides dashboards that allow users to see the progress of TCGA data acquisition.
Currently there are about 1870782 Gigabytes data in TCGA (https://cghub.ucsc.edu via TCGA
portal). TCGA provides the following data types: 1. Clinical Data (clinical information, biospecimen
data, and pathology reports). 2. Image Data (tissue images, and radiographic pre-surgery staging
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images). 3. Microsatellite Instability Data. 4. DNA Sequencing Data (genome, exome, and mutation
data). 4. Non-coding microRNAs (except GBM). 5. Protein expression. 6. mRNA Sequencing. 7.
Total RNA Sqquencing. 8. Arry-based Expression. 9. DNA Mythylation, and 10. Copy number. TCGA
provides information on the platforms used to study the genomic data by the research centers.

TCGA collects and provides the following analytical softwaresfrom participating research
centers to analyze the TCGA data and report the analysis: 1. The Cancer Imaging Archive (TCIA)
provides access to radiographic imaging data in DICOM format. 2. Cancer Genome Workbench
(CGWB) provides whole genome level and heat maps of mutation, deletion and amplification at
the sample level. 3. Integrative Genomics Viewer (IGV) is a high performance visualization tool
that allows interactive analyses of large and integrated data set. 4. cBioPortal for Cancer Genomics
is a web-based tool that allows users to analyze, display and report the genomic analysis and
correlation to clinical data. 5. UCSC Cancer Genomics Browser is a browser-based tool that allows
analysis of genomic and clinical data. 6. Berkeley Morphometric Visualization and Quantification
from H&E sections is a tool allows quantitative analyses of H&E slides and overlay the information
on the slides. 7. Broad GDAC Firehoseis a tool to systematize a number of genomic analyses of
TCGA data and report the results in a user friendly form.8. MD Anderson GDAC MBatch is a tool for
clustering and principal component analyses. 9. Regulome Explorer is an analysis tool correlating
clinical and molecular TCGA data and 10. Cancer Slide digital Archive (CSDA) is a browser-based
viewing, annotating, and data retrieval tool. The clinical data contain disease specific disease free

survival and overall survival data.
TCGA DATA ANALYSES OF SPECIFIC CANCER TYPES

The cancer typesincluded in TCGA: breast, central nervous system, endocrine, gastrointestinal,
gynecologic, head and neck, hematologic, skin, soft tissue, thoracic, and urologic cancers
(cancergenome.nih.gov). Major international projects are underway to annotate all the genes
related to the initiation and progression of cancers [2,6]. From Genome studies, it has been found
that there were only very few genes when mutated could drive tumorigenesis [3]. These genes
control 12 signaling pathways and 3 core cellular processes: cell fate, cell survival and genome
maintenance [3,7]. “Driver genes” drives oncogenesis. A typical tumor has about 2-6 driver gene

mutations [3,7]. The other mutations are “passenger mutations” that do not lead to tumorigenesis
[3].

The first tumor characterized using TCGA data was Glioblasto Mamultiforme (GBM) [8]. ERBB2,
NF1, TP53, and phosphatidylinositol-3-OH kinase regulatory subunit gene PIK3R1 were found to
be important in GBM carcinogenesis [8]. Integrated analyses of the mutations, DNA methylation
and clinical treatment data revealed MGMT promoter methylation and hypermutater phenotype
consequent to mismatch repair deficiency in treated glioblastomas [8].

The Cancer Cell Line Encyclopedia (CCLE) is an annotation of gene expression of more than
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1600 genes, chromosomal copy number from massively parallel DNA sequencing data from 947
human cancer cell lines [9]. Using 24 anticancer drugs across 479 of the cancer cell lines, the
CCLE has annotated genetic, lineage, gene-expression-based predictors of drug sensitivity to
these drugs [9]. Lineage studies demonstrated that CCLE cell lines were representative of the
primary tumors using known datasets including data from Tumorscape (for copy number),
expO (expression project for oncology, http://www.intgen.org ), and COSMIC (catalog of somatic
mutations in cancers) [5,9]. From this study, plasma cell lineage was found to be sensitive to IGF1
receptor inhibitor [9]. HDAC (histone deacetalase) inhibitor panobinostat showed similar effects
across all the cell lines. This study also found BRAF and NRAS mutations were major predictors
of MEK inhibitor (PD-032501) efficacy [9]. Expression of MAPK regulator PTEN, PTPN5 and
SPRY2 predicted MEK inhibition [9]. EGFR mutations and ERBB2 over-expression predicted
for Erlotinib and Lapatinib inhibition, BRAFV%F for RAF inhibitors. EXT2 gene that encoded a
glycosyltransferase involved in heparin sulfate synthesis was correlated with Erlotinib sensitivity.
NQO1 expression predicted heat shock protein Hsp90 inhibitors sensitivity. SLFN11 expression
predicted sensitivity to topoisomerase inhibitors of Topoisomerase I (TOP1) such as irinotecan
and topotecan [9]. To identify mutant genes that may be good biomarkers [10], this study tested
130 drugs on several hundred cancer cell lines that represent most of the human cancers. It was
found Ewing’s sarcoma cells with the EWS-FLI1 gene translocation had increased sensitivity to
poly (ADP-ribose) polymerase (PARP) inhibitors [10].

Genomic analyses have revealed that prostate cancer could have a chaotic evolution to
tumorigenesis consisted of massive non-recurrent singleton genomic translocations and deletions
that could cause genomic derangement over a few events [11]. This study analyzed the genomes of
hormone naive, androgen independent and neuroendocrine prostate cancers [11]. Other genomic

studies have also found catastrophic chromosomal events in a few percent of other cancers [12].

Endometrial cancers are cancers of the lining of the uterus [13]. Type I endometrioid
endometrial cancers are associated with excess estrogen and obesity, type Il endometrial
cancers are primarily serous type associated with older non-obese patients [14]. An integrated
study of genomic, transcription and proteomic data of 373 endometrial carcinomas using array
and sequencing technologies have found uterine serous tumors and about 25% of high grade
endometrioid tumors similarly had extensive copy number alterations, few DNA methylation
changes, low estrogen receptor/progesterone receptor levels and frequent TP53 mutations [14].
On the other hand, most endometrioidendometrial tumors had few copy number alterations or
TP53 mutations, but frequent mutations in PTEN, CTNNB1, PIK3CA, ARID1A and KRAS [14] and
mutations in the SI/SNF chromatin remodeling complex gene ARID5B, some with mutations
in DNA Polymerase Epsilon (POLE) involved in DNA replication and repair [14]. Interestingly,
uterine serous carcinomas shared genomic features with ovarian serous and basal-like breast
carcinomas [14]. TCGA has also been used to analyze the breast cancer genomes to define the
subtypes of breast cancers [15].

Austin Open Access - eBooks | www.austinpublishinggroup.com/ebooks 3


http://www.intgen.org

Many patients with multiple, large or early colorectal adenomas or cancers have no germline
mutations in known oncogenes [16]. Using integrated genome analyses including linkage and
association studies, it has been found heterozygous POLE or POLD1 (DNA polymerases delta
domain) germline variants were associated with POLE p.Leu424Val and POLD1 p.Ser478Asn,
and POLD1 mutations was also associated with endometrial cancer [16]. These mutations were
mapped to the exonuclease proofreading domains of DNA polymerases epsilon and delta [16].

A study analyzed DNA from paired tumor and whole blood samples from 92 squamous
carcinomas of head and neck (HNSCC) and found about 130 coding mutationsper tumor [17].
Guanosine to thymidine mutations at non-CpG sites characteristic of tobacco exposure were found
[17]. The mutation rate of HPV positive tumors was about half of those HPV negative HNSCC
tumors [17]. TP53 inactivation by mutation or HPV infection was universal [17]. Squamous
differentiation gene NOTCH loss of function mutations were found in about 10% of HNSCC
[17]. Patients on gamma secretase inhibitors (inhibitors of NOTCH gene products) should be
monitored for skin and HNSCC malignancies because these drugs make patients more susceptible
to develop squamous cell carcinomas [17]. A case control integrated study from Thailand studied
the relationship between tobacco consumption and genetic susceptibility to Nasopharyngeal
Carcinoma (NPC) [18]. Genetic factors included three mutants near the CHRNA3 and TERT genes
that were also linked to lung cancer risk in Asian populations [18]. Fermented vegetable, tobacco
smoking and a locus on 5p15.33 were associated with NPC risk [18]. These findings may have

public health, cancer prevention, and treatment selection implications [19].
CONCLUSION

With the large amount of genomic, proteomic and survival data available at the TCGA, and the
software available to mine the data, it is expected a large amount of information will come out
from these data over this decade [2]. These data may help model the individual cancer patients
better for personalized cancer treatments. However, clinical trials are required to validate if
omics models in addition to the clinical models are superior than the ones that have currently

been used in the clinic.
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AFTER THOUGHTS

Besides work and writing, I enjoy hiking, arts, reading, listening to music, photography and
painting.Hippocrates was the first person to believe diseases were caused by factors in the
environment rather than from God or Evil (http://en.wikipedia.org/wiki/Hippocrates), the first
scientific physician. The places where the patients live are also where they could rejuvenate
themselves. These are the snapshots of New York City around August 2014:
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