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(57) ABSTRACT

Disclosed are methods for determining whether a patient
will achieve a response after radiation therapy, in particular
a method for determining whether a patient suffering from a
cancer will achieve a response after radiation therapy includ-
ing the steps of 1) determining the level of ceramide in a first
blood sample obtained from the patient before radiation
therapy, ii) determining the level of ceramide in a second
blood sample obtained from the patient during or just after
radiation therapy, iii) comparing the level determined at step
i) with the level determined at step ii) and iv) concluding that
the patient will achieve response when the level determined
at step ii) is higher than the level determined at step i) or
concluding that the patient will not achieve a response when
the level determined at step ii) is lower than the level
determined at step 1).
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METHODS FOR DETERMINING WHETHER
A PATIENT WILL ACHIEVE A RESPONSE
AFTER RADIATION THERAPY

FIELD OF THE INVENTION

[0001] The present invention relates to methods for deter-
mining whether a patient will achieve a response after
radiation therapy.

BACKGROUND OF THE INVENTION

[0002] Radiation therapy is one of the most common
therapeutic and palliative anti-cancer treatments. Its main
limitation is due to the intrinsic radiation resistance of the
tumor, limiting its efficacy (1). Because of the improvement
of tumor imaging and medical physic researches new ste-
reotaxic radiation therapy devices have been developed with
a better targeting of the radiation into the tumor. Those
stereotaxic accelerators are changing irradiation plans by
increasing the dose within a limited number of fractions (1).
Ifthey demonstrated a strong efficacy in oligometastases and
small solid tumors, these hypofractionated radiation therapy
protocols have to be validated for most of the tumor type in
function of their localisation and their radiation resistance.
[0003] Actually, the most common way to validate the
radiation therapy efficacy is obtained through the visualisa-
tion of the tumor volume control or regression by CT-scan
or by other non-invasive imaging techniques. Unfortunately,
tumor volume response can be estimated within months after
the end of the radiation therapy delaying any alternative
treatment. Discovering biological markers allowing the dis-
crimination between responding and refractory patients to
the radiation therapy represents a major issue to improve
anti-tumor treatment.

[0004] Biomarkers can be classified in three categories:
omics from tumor biopsies, phenotypic imaging and secre-
tory factors (2). Tumor markers by Omics are essentially
obtained by genomics and proteomic assays. [f they have the
advantage to quest markers in a very large broad of molecu-
lar events, the need for tumor biopsies limits their studies to
specific tumor localisation and the number of samples.
Usually, those studies are dedicated to prognostic studies
grading and assessing the treatment. Phenotypic imaging
allows the evaluation of some physiologic change in the
tumor such as hypoxia, cell proliferation index, necrosis or
immune cell infiltration (3). Phenotypic imaging has the
advantage to be non-invasive. However, the heterogeneity of
the tumor response and the consistent quantification of the
molecular biomarkers remain under investigation. Finally,
secretory factors coming from blood, saliva and urine
samples have the advantage to be easy obtained by any
patient and can be provided before and all along the treat-
ment (4). Those secretory factors can include pro-inflam-
matory cytokines, peptides LDL or circulating tumor cells.
If some of them have been investigated, none of them have
been validated as biomarker of the radiation therapy efficacy.
[0005] Sphingo lipid ceramide also represent a potential
and interesting secreted biomarker. Indeed, ceramide is a
pro-apoptotic factor, generated rapidly into the outer layer of
the cell membrane by the hydrolysosis of sphingomyelin by
acidic or neutral sphingomyelinase (respectively ASM and
NSM), but also in reticulum through a de novo synthesis
pathway dependent of the ceramide synthase (5). Several
studies demonstrate the involvement of ceramide in cell and
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tumor radiosensisitivity. Exogenous Ceramide treatment
enhances radiation-induced LNCAP cell death and tumor
regression (6). In the same manner, increasing endogenous
ceramide through DL-PDMP and D-MAPP, respective
inhibitors of glucosyl-ceramide synthase and ceramidase,
enhances Jurkat radiosensitivity (7). Beside its involvement
in tumor cell death, ceramide have been observed in
endothelial cell apoptosis in response to high-dose radiation
therapy which is modulating tumor regression. In fact,
fibrosarcoma or melanoma tumor cells transplanted in mice,
then irradiated, rapidly induced a massive endothelial cell
apoptosis via ASM activation and ceramide generation par-
ticipating to tumor regression (8). Invalidation of ASM
blocks endothelial cell apoptosis and tumor regression
induced by high dose radiation therapy.

[0006] Beside its intracellular form, secreted ceramide in
the extracellular medium is also playing important biologi-
cal roles in physiological and pathophysiological processes.
High level of ceramide has been observed in plasma and
serum from patients with several physiopathologies, includ-
ing lung emphysema (9), Wilson disease (10), multiple
organ failure (11). Plasma ceramide level is increased during
lipid infusion in humans and rats, and in obese, insulin-
resistant mice (12) which may correlated with insulin sen-
sitivity, inflammation and atherosclerotic risk. Interestingly,
ceramide and its enzyme ASM have also been quantified in
serum from 11 patients with gross tumors from different
origins after spatial fractionated grid radiation therapy (SF-
GRT) including a first irradiation at 15 Gy followed by 30
fractions of 2 Gy (13). Three days after treatment increase of
secreted ceramide was quantified in the serum of 5 of the 7
patients responding to this specific radiation therapy proto-
col. However, the few number of patients and the diverse
origin of the tumors diluted the strength of their results and
do not allow to establish strong statistical evidence the
correlation of ceramide and radiation therapy efficacy.

SUMMARY OF THE INVENTION

[0007] The present invention relates to methods for deter-
mining whether a patient will achieve a response after
radiation therapy. In particular, the present invention is
defined by the claims.

DETAILED DESCRIPTION OF THE
INVENTION

[0008] Discovering biological markers of tumor regres-
sion induced by ionizing radiation will permit a better
discrimination between responding and refractory patients
to the radiation therapy. In this present invention, the inven-
tors studied the ability of plasmic ceramide, a known pro-
apoptotic bioactive sphingolipid, to be correlated to the
tumor control in a clinical phase II study combining hypof-
ractionated radiation therapy and irinotecan in liver and lung
metastases. Liver and lung metastases were indeed treated
with 4 times 10 Gy at day 1, 3, 7 and 10 combined to 40
mg/m> of Irrinitocan at day 1 and 7. Plasma from patients
was harvested before the first treatment and after the second
and fourth treatments. After lipid extraction, ceramide was
quantified by LC-MS/MS and correlated to radiation-in-
duced tumor response. First, plasmic ceramide concentra-
tion was measured before irradiation and was not found to
be related to the potential radiation therapy response. Then,
the fold of ceramide concentrations was measured at day 3
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or 10 versus the unirradiated baseline. Ceramide concentra-
tions in patients responding to the radiation therapy were
significantly up-regulated as compared to the non-responder
patients. Finally, evaluation of the different subclasses of
ceramide (in function of the number of carbons of the fatty
acid chains), were estimated and demonstrated that the 4
major forms C16, C22, C24 and C24:1 ceramide were also
upregulated in responders as compared to non-responders.
In this present study, the inventors demonstrate that eleva-
tion of ceramide secreted in the plasma is correlated to the
efficacy of the hypofractionated treatment.

[0009] Accordingly a first object of the present invention
relates to a method for determining whether a patient
suffering from a cancer will achieve a response after radia-
tion therapy comprising the steps of 1) determining the level
of ceramide in a first blood sample obtained from the patient
before radiation therapy, ii) determining the level of cer-
amide in a second blood sample obtained from the patient
during or just after radiation therapy, iii) comparing the level
determined at step 1) with the level determined at step ii) and
iv) concluding that the patient will achieve response when
the level determined at step ii) is higher than the level
determined at step 1) or concluding that the patient will not
achieve a response when the level determined at step ii) is
lower than the level determined at step i).

[0010] Cancers to be treated include primary tumors and
metastatic tumors. Examples of cancers that may be treated
include, but are not limited to, cancer cells from the bladder,
blood, bone, bone marrow, brain, breast, colon, esophagus,
gastrointestine, gum, head, kidney, liver, lung, nasopharynx,
neck, ovary, prostate, skin, stomach, testis, tongue, or uterus.
In addition, the cancer may specifically be of the following
histological type, though it is not limited to these: neoplasm,
malignant; carcinoma; carcinoma, undifferentiated; giant
and spindle cell carcinoma; small cell carcinoma; papillary
carcinoma; squamous cell carcinoma; lymphoepithelial car-
cinoma; basal cell carcinoma; pilomatrix carcinoma; transi-
tional cell carcinoma; papillary transitional cell carcinoma;
adenocarcinoma; gastrinoma, malignant; cholangiocarci-
noma; hepatocellular carcinoma; combined hepatocellular
carcinoma and cholangiocarcinoma; trabecular adenocarci-
noma; adenoid cystic carcinoma; adenocarcinoma in
adenomatous polyp; adenocarcinoma, familial polyposis
coli; solid carcinoma; carcinoid tumor, malignant; bran-
chiolo-alveolar adenocarcinoma; papillary adenocarcinoma;
chromophobe carcinoma; acidophil carcinoma; oxyphilic
adenocarcinoma; basophil carcinoma; clear cell adenocar-
cinoma; granular cell carcinoma; follicular adenocarcinoma;
papillary and follicular adenocarcinoma; nonencapsulating
sclerosing carcinoma; adrenal cortical carcinoma; endo-
metroid carcinoma; skin appendage carcinoma; apocrine
adenocarcinoma; sebaceous adenocarcinoma; ceruminous;
adenocarcinoma; mucoepidermoid carcinoma; cystadeno-
carcinoma; papillary cystadenocarcinoma; papillary serous
cystadenocarcinoma; mucinous cystadenocarcinoma; muci-
nous adenocarcinoma; signet ring cell carcinoma; infiltrat-
ing duct carcinoma; medullary carcinoma; lobular carci-
noma; inflammatory carcinoma; paget’s disease, mammary;
acinar cell carcinoma; adenosquamous carcinoma; adeno-
carcinoma w/squamous metaplasia; thymoma, malignant;
ovarian stromal tumor, malignant; thecoma, malignant;
granulosa cell tumor, malignant; and roblastoma, malignant;
Sertoli cell carcinoma; leydig cell tumor, malignant; lipid
cell tumor, malignant; paraganglioma, malignant; extra-
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mammary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic mela-
noma; superficial spreading melanoma; malig melanoma in
giant pigmented nevus; epithelioid cell melanoma; blue
nevus, malignant; sarcoma; fibrosarcoma; fibrous histiocy-
toma, malignant; myxosarcoma; liposarcoma; leiomyosar-
coma; rhabdomyosarcoma; embryonal rhabdomyosarcoma;
alveolar rhabdomyosarcoma; stromal sarcoma; mixed
tumor, malignant; mullerian mixed tumor; nephroblastoma;
hepatoblastoma; carcinosarcoma; mesenchymoma, malig-
nant; brenner tumor, malignant; phyllodes tumor, malignant;
synovial sarcoma; mesothelioma, malignant; dysgermi-
noma; embryonal carcinoma; teratoma, malignant; struma
ovarii, malignant; choriocarcinoma; mesonephroma, malig-
nant; hemangio sarcoma; hemangioendothelioma, malig-
nant; kaposi’s sarcoma; hemangiopericytoma, malignant;
lymphangiosarcoma; osteosarcoma; juxtacortical osteosar-
coma; chondrosarcoma; chondroblastoma, malignant; mes-
enchymal chondrosarcoma; giant cell tumor of bone;
ewing’s sarcoma; odontogenic tumor, malignant; ameloblas-
tic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pinealoma, malignant; chordoma; glioma,
malignant; ependymoma; astrocytoma; protoplasmic astro-
cytoma; fibrillary astrocytoma; astroblastoma; glioblastoma;
oligodendroglioma; oligodendroblastoma; primitive neu-
roectodermal; cerebellar sarcoma; ganglioneuroblastoma;
neuroblastoma; retinoblastoma; olfactory neurogenic tumor;
meningioma, malignant; neurofibrosarcoma; neurilem-
moma, malignant; granular cell tumor, malignant; malignant
lymphoma; Hodgkin’s disease; Hodgkin’s lymphoma; para-
granuloma; malignant lymphoma, small lymphocytic;
malignant lymphoma, large cell, diffuse; malignant lym-
phoma, follicular; mycosis fungoides; other specified non-
Hodgkin’s lymphomas; malignant histiocytosis; multiple
myeloma; mast cell sarcoma; immunoproliferative small
intestinal disease; leukemia; lymphoid leukemia; plasma
cell leukemia; erythroleukemia; lymphosarcoma cell leuke-
mia; myeloid leukemia; basophilic leukemia; eosinophilic
leukemia; monocytic leukemia; mast cell leukemia; mega-
karyoblastic leukemia; myeloid sarcoma; and hairy cell
leukemia.

[0011] The term “radiation therapy” has its general mean-
ing in the art and refers the treatment of cancer with ionizing
radiation. lonizing radiation deposits energy that injures or
destroys cells in the area being treated (the target tissue) by
damaging their genetic material, making it impossible for
these cells to continue to grow. One type of radiation therapy
commonly used involves photons, e.g. X-rays. Depending
on the amount of energy they possess, the rays can be used
to destroy cancer cells on the surface of or deeper in the
body. The higher the energy of the x-ray beam, the deeper
the x-rays can go into the target tissue. Linear accelerators
and betatrons produce x-rays of increasingly greater energy.
The use of machines to focus radiation (such as x-rays) on
a cancer site is called external beam radiation therapy.
Gamma rays are another form of photons used in radiation
therapy. Gamma rays are produced spontaneously as certain
elements (such as radium, uranium, and cobalt 60) release
radiation as they decompose, or decay. In some embodi-
ments, the radiation therapy is external radiation therapy.
Examples of external radiation therapy include, but are not
limited to, conventional external beam radiation therapy;
three-dimensional conformal radiation therapy (3D-CRT),
which delivers shaped beams to closely fit the shape of a
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tumor from different directions; intensity modulated radia-
tion therapy (IMRT), e.g., helical tomotherapy, which
shapes the radiation beams to closely fit the shape of a tumor
and also alters the radiation dose according to the shape of
the tumor; conformal proton beam radiation therapy; image-
guided radiation therapy (IGRT), which combines scanning
and radiation technologies to provide real time images of a
tumor to guide the radiation treatment; intraoperative radia-
tion therapy (IORT), which delivers radiation directly to a
tumor during surgery; stereotactic radiosurgery, which
delivers a large, precise radiation dose to a small tumor area
in a single session; hyperfractionated radiation therapy, e.g.,
continuous hyperfractionated accelerated radiation therapy
(CHART), in which more than one treatment (fraction) of
radiation therapy are given to a subject per day; and hypof-
ractionated radiation therapy, in which larger doses of radia-
tion therapy per fraction is given but fewer fractions.
[0012] In some embodiments, the method of the present
invention is particularly suitable in the context of a hypo
fractionated radiation therapy. As used herein the term “hypo
fractionated radiation therapy” has its general meaning in
the art and refers to radiation therapy in which the total dose
of radiation is divided into large doses and treatments are
given less than once a day.

[0013] Typically a treatment course comprises 1, 2,3, 4 or
5 regimens of ionizing radiations. In some embodiments, the
regimen of ionizing radiations is combined with the admin-
istration of at least one chemotherapeutic agent. Chemo-
therapeutic agent include those compounds with anti-cancer
activity, e.g., compounds that induce apoptosis, compounds
that reduce lifespan or compounds that render cells sensitive
to stress and include but are not limited to aminoglutethim-
ide, amsacrine, anastrozole, asparaginase, beg, bicaluta-
mide, bleomycin, buserelin, busulfan, campothecin, capecit-
abine, carboplatin, carmustine, chlorambucil, cisplatin,
cladribine, clodronate, colchicine, cyclophosphamide,
cyproterone, cytarabine, dacarbazine, dactinomycin, dauno-
rubicin, dienestrol, diethylstilbestrol, docetaxel, doxorubi-
cin, epirubicin, estradiol, estramustine, etoposide, exemes-
tane, filgrastim, fludarabine, fludrocortisone, fluorouracil,
fluoxymesterone, flutamide, gemcitabine, genistein, goser-
elin, hydroxyurea, idarubicin, Ifosfamide, imatinib, inter-
feron, irinotecan, ironotecan, letrozole, leucovorin, leupro-
lide, levamisole, lomustine, mechlorethamine,
medroxyprogesterone, megestrol, melphalan, mercaptopu-
rine, mesna, methotrexate, mitomycin, mitotane, mitoxan-
trone, nilutamide, nocodazole, octreotide, oxaliplatin, pacli-
taxel, pamidronate, pentostatin, plicamycin, porfimer,
procarbazine, raltitrexed, rituximab, streptozocin, suramin,
tamoxifen, temozolomide, teniposide, testosterone, thiogua-
nine, thiotepa, titanocene dichloride, topotecan, trastu-
zumab, tretinoin, vinblastine, vincristine, vindesine, and
vinorelbine.

[0014] In some embodiments, the protocol of radiation
therapy is performed on the patient as described in FIG. 1.
Briefly, 4 sessions of 10 Gy (total dose: 40 Gy) were spread
over 2 weeks at day 1, 3, 8 and 10 using a Novalis
stereotaxic accelerator device. A dose of 40 mg/m? irinote-
can (Pfizer) in 250 ml of physiological saline or glucose
isotonic was intravenously injected 30 to 90 min before the
first and third radiotherapy sessions. In this embodiment, the
second blood sample is obtained at day 3.

[0015] By “blood sample” is meant a volume of whole
blood or fraction thereof, eg, serum, plasma, etc.
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[0016] As used herein the term “ceramide” has its general
meaning in the art and refers to any N-acylsphingosine.
Ceramides include sphingolipids in which the sphingosine is
acylated with a fatty acid acyl CoA derivative to form an
N-acylsphingosine. Typically, the carbon chain is saturated
or unsaturated. Furthermore, the carbon chain comprises 16,
18, 20, 22 or 24 carbons. In some embodiments, the carbon
chain is a C16, C16:1, C18, C18:1, C20, C20:1, C22, C22:1,
C24, or C24:1 carbon chain.

[0017] Methods to determine the level of ceramide in
biological samples are known in the art, for example, as
provided in Kasumov et al, “Quantification of Ceramide
Species in Biological Samples by Liquid Chromatography-
Electrospray Tandem Mass Spectrometry,” Anal. Biochem.
401(1): 154-161 (2010) or Hu, W., et al, (2009) J. Lipid. Res.
50, 1852-1862, herein incorporated by reference in their
entireties. Typically, quantitative analyses of ceramides is
performed by Ultra Performance Liquid Chromatography
coupled to a mass spectrometer. Immunoassays are also
possible and generally involve contacting the blood sample
with an antibody to ceramide, under conditions effective to
allow the formation of immunocomplexes. In this regard, the
skilled artisan will be able to assess the level of ceramide in
the blood sample.

[0018] In some embodiments, the level of total ceramide
is determined. In some embodiments, the level of at least one
ceramide subspecies is determined. In some embodiments,
the subspecies is selected from the group consisting of C16,
Cl16:1, C18, C18:1, C20, C20:1, C22,C22:1, C24, or C24:1
ceramides. In some embodiments, the level of C24 ceramide
is determined.

[0019] The method of the present invention is particularly
suitable for discriminating responder from non responder.
As used herein the term “responder” in the context of the
present disclosure refers to a patient that will achieve a
response, i.e. a patient where the cancer is eradicated,
reduced or improved. According to the invention, the
responders have an objective response and therefore the
term does not encompass patients having a stabilized cancer
such that the disease is not progressing after radiation
therapy. A non-responder or refractory patient includes
patients for whom the cancer does not show reduction or
improvement after radiation therapy. According to the
invention the term “non responder” also includes patients
having a stabilized cancer. Typically, the characterization of
the patient as a responder or non-responder can be per-
formed by reference to a standard or a training set. The
standard may be the profile of a patient who is known to be
a responder or non responder or alternatively may be a
numerical value. Such predetermined standards may be
provided in any suitable form, such as a printed list or
diagram, computer software program, or other media. When
it is concluded that the patient is a non responder, the
physician could take the decision to stop the protocol or
radiation therapy to avoid any further adverse sides effects.
[0020] The invention will be further illustrated by the
following figures and examples. However, these examples
and figures should not be interpreted in any way as limiting
the scope of the present invention.

FIGURES

[0021] FIG. 1. Treatment plan of the phase II clinical
protocol combining SBRT with irinotecan. Irradiations (10
Gy) were applied at D1, D3, D7 and D10. Irinotecan (40
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mg/m?) was administered at D1 and D7. Blood samples
were harvested before treatment (D0) and after the second
and fourth irradiation (D3 and D10).

[0022] FIG. 2. Variation of total Cer during the treatment
is correlated with the tumor response. A. Ratio of Cer
concentration at D3 and D10 vs. DO in complete responder
(CR), partial responder (PR), tumor stabilization (S) and
progression (P) groups. B. Ratio of the Cer concentration at
D3 and D10 vs. DO in tumor responding (CR, PR, and S)
group as compared to tumor progression (P) group. C. Ratio
of the Cer concentration at D3 and D10 vs. DO in tumor
shrinking (CR, PR) group as compared to the group where
tumors do not regressed (S, P). Measurements were per-
formed in triplicate (Number of patients in parentheses,
mean+SEM, ns=P>0.05, *=P<0.05).

[0023] FIG. 3. Evolution of major Cer subspecies during
the treatment is correlated with the tumor response. Ratio of
C16:0 (A), C22:0 (B), C24:0 (C), and C24:1 Cer (D)
concentrations at D3 and D10 vs. DO in objective response
(CR, PR) group as compared to the refractory group (S, P).
Measurements were performed in triplicate (Number of
patients in parentheses, mean+SEM, ns=P>0.05, *=P<0.05).
[0024] FIG. 4. Basal Cer level does not correlated with the
outcome of the radiotherapy. Basal plasma Cer was mea-
sured in responder and refractory patients and healthy popu-
lation were performed in triplicate (mean+SEM, ns=P>0.05,
*=P<0.05).

[0025] FIG. 5. Hierarchization of Cer variation clusters
patients in function of their tumor response. CER increases
and decreases at D3 and D10 respectively are represented in
red and green where median equal to O are in black. The
position of each patient on the hierarchy is presented after
cluster 3.0 analysis and tree view visualization as function of
tumor response to the treatment (CR, PR, S, P).

[0026] FIG. 6. Cer modulation during the treatment dis-
criminate tumor control in function of time. Kaplan-Meier
curves for patients without tumor volume worsening in
function of time are shown for patients with either an
increase or decrease of Cer at D3 (A) and D10 (B). Number
of patients are in parentheses. P<0.05 between groups Cer
increase and Cer decrease for both figures.

EXAMPLE
[0027] Material & Methods
[0028] Patient Selection Criteria and Follow-Up
[0029] A multicentric phase II clinical study with SBRT

and concomitant irinotecan for colorectal adenocarcinoma
lung and liver metastases relapsing from Fluorouracil
(5-FU) with or without eloxatin or irinotecan, was per-
formed from 2008 to 2013 between 3 French oncology
centers (Nantes, Lyon, and Lille). Patients (mean age, 64
years; range, 32-80 years), with a life expectancy over 6
months and with an inoperable or recurrent hepatic and/or
lung metastases after surgery were selected. Metastases
should be measurable with the largest diameter under or
equal to 6 cm. The sum of the maximum diameter of
multiple metastases must be under or equal to 6 cm. Clinical
target volume (CTV) should be located more than 12 mm
laterally or 15 mm in the cranio-caudal direction of stomach,
small intestine esophagus, trachea, and pulmonary arteries.
[0030] Patients must have an adequate hematologic cell
pool (over 1.5x10° white cells, 10" platelets and 90G
hemoglobin L), and adequate hepatic and renal functions
(serum bilirubin less than 1.5 fold and transaminase and
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alkaline phosphatase less than 5-fold over the upper limit of
normal). Exclusion criteria were defined as a performance
index according to the World Health Organization (WHO)
scale greater than 2, prior thoraco-abdominal irradiation, a
contraindication to irinotecan prior (within 5 years) or
concomitant treatment of an invasive cancer, diffuse meta-
static disease, or more than 3 metastases. All institutional
ethics committees approved the protocol, and signed
informed consents were obtained from all patients.

[0031] Treatment and Plasma Collection

[0032] The complete treatment protocol is described in
FIG. 1. Briefly, 4 fractions of 10 Gy were spread at day (D)1,
3, 8 and 10 using Novalis (Brain Lab, Feldkirchen, D) or
Cyberknife (Accuray, Sunnyvaley, Calif.) stereotactic accel-
erator devices. Whatever the type of accelerator, 99% CTV
was encompassed by 75-95% isodose corresponding to a
dose from 42 to 53 Gy at the center. Forty mg/m? irinotecan
(Pfizer, New York, N.Y.) was intravenously injected 30 to 90
min before the first and third radiotherapy sessions. Because
of the absence of toxicity, the 35 patients received the
complete treatment. Twenty ml of blood was collected in
tubes with citrate before the first (D0) and after second (D3)
and fourth (D10) irradiations, then stored at 4° C. for 30 min.
Blood samples were centrifuged at 1000 g for 5 min at 4° C.
to recover the plasma. Plasma aliquots were stored at —80°
C. until further analysis. Whole blood from healthy donors
over 45 years, were collected at the French blood institute
(EFS, Nantes, F), to recover the plasma using the same
protocol as previously described.

[0033] Response Criteria

[0034] The tumor response to the protocol was assessed
using RECIST 1.1 (Response Evaluation Criteria In Solid
Tumors) on the thoracic or liver tomodensitometry (TDM)
(Eisenhauer et al, 2009). The first evaluation was performed
6-8 weeks after the end of treatment, then at 3, 6, and 12
months. A complete response (CR) was defined by the
complete disappearance of all lesions. A partial response
(PR) and a progression (P) were respectively characterized
by a reduction greater than 30% and an increase greater than
20% of the largest diameters of each lesion. Stability (S) was
declared when tumor reduction or progression was respec-
tively insufficient to define a PR or a P.

[0035] Cer Analysis
[0036] Materiel
[0037] Ultrapure standards of Cer subspecies (C14:0, C16:

0, C18:0, C18:1, C20:0, C24:0 and C24:1) and non-natural
C17:0 Cer used as an internal standard (IS) were purchased
from Avanti Polar Lipids (Alabaster, Ala.). UPLC grade
methanol and analytical grade organic solvents were pur-
chased from Fisher Scientific (Pittsburgh, Pa.).

[0038] Extraction

[0039] Forty microliters from 1 uM C17 Cer were added
to each sample. Lipid extraction was carried out in two steps
with minor modifications of previously described proce-
dures (Hara & Radin, 1978). First extraction was performed
by adding 1.5 ml of hexane/propan-2-ol mixture (60:40,
V/V) on 100 pl of plasma. The sample was vortexed,
centrifuged at 3000 g for 5 min at 4° C. and the upper phase
was collected. A second extraction was then performed with
1.5 ml of methanol. After homogenization and centrifuga-
tion at 8000 g for 5 min at 4° C., the upper phase was
collected, combined with the first, dried under nitrogen at
room temperature and resuspended in 150 ul of hexane/
propan-2-ol (60:40 v/v).
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[0040] Purification

[0041] Lipid extract purification was optimized from a
previous method (Bodennec et al, 2000). Briefly, samples
were loaded on LC-NH, cartridges (Interchim, Montlugon,
F) preconditioned with 2 ml of hexane. The 100 mg cartridge
was washed with 1.4 ml of ethyl acetate-hexane 15:85 (v/v)
eluting neutral lipids in a single fraction. A second wash with
1.6 ml of chloroform/methanol 23:1 (v/v) eluted free Cer.
Cer fraction was dried down under nitrogen and redissolved
in 300 pl of MeOH containing 10 mM highest grade
ammonium acetate (Fluka, Buchs, CH) and 0.2% formic
acid. Samples were stored at —20° C. until analysis.
[0042] Mass Spectrometry Analysis

[0043] Purified Cer fractions were analyzed by LC-ESI-
MS/MS on an Acquity H-Class UPLC system combined
with a Xevo TQD triple quadrupole mass spectrometer
(Waters Corporation, Milford, Conn.). Gradient chromato-
graphic separation was performed on Waters C18 BEH
column (2.1 mmx50 mm) with 1.8 uM particle size
equipped with a 0.5 uM prefilter. The column heater was set
at 43° C. The mobile phases consisted of MiliQ water
containing 0.2% formic acid and 10 mM ammonium acetate
(Eluent A) and methanol containing 0.2% formic acid and 10
mM ammonium acetate (Eluent B). The injection volume
was 5 pl. Purified Cer were eluted in 4 min with a linear
gradient to 98% of eluent B. Before the next run, a reequili-
bration from 4.00 to 4.10 min and stabilization from 4.10 to
6 min with 95% of eluent B were performed. The flow rate
was set to 0.6 ml/min. All analyses were performed using
electrospray ionization in the positive ion mode with mul-
tiple reactions monitoring (MRM). Measurement and data
analysis were collected by Mass-Lynx software version 4.1.
Integration and quantification were performed using the
Waters Target Links™ software.

[0044] Statistical Analysis and Data Clustering

[0045] Three independent measurements were performed
per patient sample. Wilcoxon signed-rank test and ANOVA
with 95% confidence estimation were performed with Stat-
View 6.0 package. For Hierarchical clustering, Cer ratios
between D3 or D10 and DO were estimated according to the
expression profiling of other patients (Eisen et al, 1998) by
cluster 3.0 and displayed by Java TreeView (both softwares,
http://bonsai.hge. jp/~mdehoon/software/cluster/software.
htm). Independence of each group was tested by chi squared
test. The probability of tumor control in function of time in
patient with an increase or decrease of ceramide were
obtained by Kaplan-Meier method (Kaplan, 1958) and com-
pared by the log-rank test, giving 95% confidence intervals
(CID). The prognostic value of variables (sex, age, tumor
location and volume) was calculated using the Cox multi-
variate regression model (Cox, 1972).

[0046] Results

[0047] Variation of Total Cer During the Treatment is
Correlated with the Tumor Response

[0048] Concentration of plasma Cer was monitored by
LC-ESI-MS/MS during the SBRT protocol with irinotecan,
at D3 and D10 and then, compared to the basal level at DO
(FIG. 2). First, no correlation was shown between the level
of Cer increase at D3 and D10 after SBRT with irinotecan
and any covariance factors (sex, age, tumor location and
tumor volume; data not shown). Then, mean increase of Cer
concentration in the different patient groups was monitored
in function of their tumor response (FIG. 2A). One year after
treatment, CR was observed in 10, PR in 8, S in 8 and P in
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9 patients. We observed that Cer dose response at D3 and
D10 correlated with treatment efficacy. The total Cer amount
increased significantly at D3 in plasma from patients exhib-
iting a diminution of tumor volume (CR: 18.5%=x8.92,
P<0.05 and PR: 10.7%zx2.27; P<0.01; both vs. DO). In
contrast, total Cer in S group remained stable at D3, then
decreased significantly at D10 (D3: -1.70%z=4.36; P>0.05
and D10: -15%=2.40; both P<0.01 vs. D0) and was below
the basal level for the P group (D3: —19.06%=+5.72; P<0.05
and D10: -20.16%=3.71; both P<0.01 vs. DO).

[0049] Because the tumor growth arrest is a hallmark of
the response to the treatment, we first decided to determine
apotential correlation between responders including CR, PR
and S groups, and refractory patients including P group
(FIG. 2B). The total Cer level of this responding group (CR,
PR, and S) was significantly higher in comparison to the
basal level at D3 (9.91%=3.99; P<0.05 vs. DO0), but not to
D10. Interestingly, the total Cer level of this refractory group
(P) decreased significantly at D3 and D10 compared to the
basal rate (D3: -19.06%=5.72; P<0.05 vs. DO; and D10:
-20.17%=+3.71; P<0.01 vs. D0). As proposed in the present
clinical phase II study, CR and PR were defined as the
objective response where S and P were considered as
refractory to the treatment (FIG. 2C). One year after treat-
ment, 18/35 patients exhibited an objective response
whereas 17/35 patients were considered refractory, due to
tumor stabilization or progression or the emergence of new
pulmonary or liver metastases. Using this classification
group, the total Cer level of the objective responder group
was significantly higher in comparison to the basal Cer level
objective group at D3 (15.07%=5.02; P<0.01 vs. DO0), and
significantly lower for refractory group at D3 and D10 (D3:
-9.79%=4.12; P<0.05 vs. DO and D10: -17.95%=%2.27,;
P<0.01 vs. DO). The increase of plasma Cer concentration
during the SBRT combined with irinotecan represents a
promising endpoint that many serve as a harbinger tumor
regression. On the other hand, the decrease of plasma Cer
concentration is associated with the lack of tumor response
of the treatment.

[0050] Evolution of Major Cer Subspecies During the
Treatment is Correlated with the Tumor Response

[0051] Twelve Cer subspecies, have been sought in order
to characterize more specifically the composition of the total
Cer. The most abundant compounds were those containing
the fatty acid C24:0 (45.46%=1.06), C24:1 (23.43%=0.90),
C22:0 (15.74%=0.34), and C16:0 (7.10%=0.39). The other
compounds were present in very small amount (FIG. S1).
Because of a potential discrepancy of their response to the
treatment, those major Cer subspecies were separately quan-
tified, compared to their basal level at DO and correlated
with the tumor response (FIG. 3A to D). In fact, the levels
of'these 4 subspecies followed a similar profile as that of the
total Cer levels during the treatment. The ratio of C24:0 Cer,
the most abundant compound, increased significantly in the
objective responder group from 11.9%=+5.17 at D3 (P<0.05
vs. DO0). These subspecies decreased significantly in the
refractory group from —11.08%z=4.33 at D3 and -19.19%z=2.
39 at D10 (both P<0.05 vs. DO). The three other main Cer
subspecies exhibited similar significant changes in their
ratios as observed for C24:0 Cer. These results establish that
all the major plasma Cer subspecies, as well as the total Cer,
are evolving following a similar pattern of change after
SBRT combined with irinotecan, with rising levels corre-
lated with the tumor response.
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[0052] Basal Cer Level does not Correlated with the
Outcome of the Radiotherapy

[0053] Because plasma Cer appears to hold promise as a
surrogate marker of the tumor response, correlation of basal
level of Cer in patients with treatment efficacy was inves-
tigated. Plasma Cer concentration from healthy donors was
very homogenous and significantly lower (mean: 1.98
uM=0.09) than that of the patients with high individual
variability (responder group: 3.34 uM=+0.32 and refractory
group 3.82 uM=+0.45; both P<0.01 vs. healthy donors). Basal
Cer concentration appears as a marker of tumor presence in
patients. However, the comparison of the total CER con-
centration between the 2 patient groups did not permit a
discrimination between the responder group and the refrac-
tory group (P=0.67). Thus, the amount of total Cer in
patients before any treatment cannot be regarded as a
prognostic factor of the tumor response to SBRT combined
to irinotecan.

[0054] Hierarchization of Cer Variation Clusters Patients
in Function of their Tumor Response

[0055] Total Cer and its subspecies modulation during
treatment were evaluated for each patient and hierarchical
clustering was established. Cer increased and decreased at
D3 and D10 are represented respectively in red and green
when median equal to 0 are in black (FIG. 5). Clustering of
the individual Cer evolution demonstrated a hierarchy
between patients with objective and refractory responses.
Hierarchy of total Cer modulation at D3 and D10 showed
clearly that 8/10 CR and 6/8 PR patients are clustered above
the median response equal to 0 (both P<0.001). In contrast,
5/8 S and 8/9 P patients were grouped below this median
(both P<0.001). For every Cer subspecies, a similar dis-
crimination between the objective and refractory patients
were obtained (data not shown) without improvement of the
patients’ segregation as compared to the cluster analysis
with total Cer.

[0056] Cer Modulation During the Treatment Discrimi-
nate Tumor Control in Function of Time

[0057] Finally, we evaluated the tumor volume worsening
measured by CT-Scan 3, 6 and 12 months after treatment in
function of the evolution of total Cer in blood plasma (FIG.
6). Kaplan Meier curves clearly demonstrate that patients
with increase of Cer either at D3 or D10 get high probability
of tumor control during the first year. Interestingly, no
patients with Cer increase at D10 show an aggravation of
tumor. Patients with decrease of Cer have a 50% of chance
to tumor worsening during the first year. These results
clearly and statistically discriminates the ability of tumor
control for treated patients in function of early Cer increase
or decrease (D3 or D10: p<0.01).

[0058] Discussion

[0059] In the present well-defined phase 11 study combin-
ing SBRT with irinotecan, we clearly correlated the eleva-
tion of Cer concentration in the blood plasma with the tumor
response rate. Similarly, a decrease of Cer concentration in
the blood plasma was correlated with stabilization or a
tumor progression, and therefore within effective treatment.
Our results defined plasma Cer as an early surrogate marker
of the tumor response, detectable early during the radio-
therapy treatment.

[0060] The results presented in FIG. 3, show that patients
with liver or lung metastases of colorectal cancer, have a Cer
concentration in blood plasma higher than healthy patients.
These results are in agreement with the literature showing a
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modulation of Cer in the patient’s blood suffering from
diverse pathologies (Delogu et al, 1999; Lang et al, 2007;
Petrache et al, 2005; Watt et al, 2012). Moreover, Cer in the
blood flow has also been quantified after SFGRT scheme
including a fraction of 15 Gy then 30 of 2 Gy (Sathishkumar
et al, 2005). Plasma Cer concentrations were significantly
increased 72 h after SFGRT in 3/3 CR and 2/4 PR patients.
However, no correlation was found in the no-responder
group where one patient showed an increase of Cer level,
and the other one a decrease. Indeed, significant discrimi-
nation Cer increase and decrease groups was impossible
because of the small size of the cohort. Furthermore, the
diverse tumor origins diluted the strength of the results. This
promising study was not allowing statistical evidence estab-
lishing the secreted Cer as a biomarker of radiotherapy
efficacy.

[0061] In the present study, those two weaknesses have
been solved. First, our study includes a larger cohort of 35
patients with almost an equal number of responders and
refractory (respectively 18 and 17). Secondly, all metastases
derived from primary colorectal carcinoma and were treated
by SBRT with irinotecan. Finally, the tumor volumes were
equivalent, below 6 cm for the largest diameter limiting
potential inconsistency due to the volume size. Because of
the strict patient inclusion criteria and clinical follow-up, we
were able to extend previous results on the correlation
between modulation of the total Cer into the blood stream
and the tumor response after radiotherapy. Moreover, our
work sheds new light on the Cer subspecies enhanced after
irradiation. In fact, not only total Cer, but all the abundant
Cer subspecies (C16:0, C18:0, C22:0, C22:1, C24:0, and
C24:1, Cer) were increased in the responder group (FIGS. 4
and S2). Surprisingly, the decreases of all Cer subspecies in
the plasma from the refractory group were observed mainly
at D10 and not D3. Interestingly, total Cer evolution is
sufficient to evaluate the efficacy response after SBRT with
irinotecan. The quantification and the analysis of the differ-
ent Cer subspecies do not improve the strength of the
biomarker properties. This finding was confirmed by clus-
tering analysis. In fact, 8/10 CR and 6/8 PR patients were
above the median of the total Cer modulation at D3 and D10,
when 7/8 S and 8/9 P patients were below (FIG. 5). Chi
square statistic test demonstrated that the increase of plasma
Cer is higher in objective responder than refractory patients
(P<0.01). No advantage was gained by measuring the dif-
ferent subspecies individually. So, total Cer represents a
reliable early biomarker for individual response to radio-
therapy.

[0062] The high concentration of Cer into the blood
stream may be explained by different mechanisms. ASM and
Cer are secreted into the extracellular medium, by endothe-
lial cells activated by pro-inflammatory cytokines including
11-p or TNF-a (Marathe et al, 1998). We also found that
irradiation of primary micro-vascular endothelial cells
HMVEC-L induces secretion of ASM and Cer into the
extracellular medium (data not shown). In this hypothesis,
Cer release by endothelial activation may lead to subsequent
Cer-dependent radiosensitization of the tumor cells. The
elevation of plasma Cer may also due to the high level of
tumor apoptotic bodies enriched in Cer induced by the
SBRT with irinotecan. Non-regulated of increase Cer may
appear during late non-reversible stage of DNA damage-
induced cell death (Tepper et al, 1999). The high level of Cer
in the blood stream could be a marker of this form of cell



US 2017/0184566 Al

death. In fact, we showed a correlation between the strength
of tumor regression resulting from cell death and the
increase of plasma Cer after SBRT and irinotecan (FIG. 2A).
We are presently looking for a correct biological explanation
for elevation of plasma Cer. Further studies must also define
the specific role of SBRT and irinotecan treatment in the
secretion of Cer.

[0063] Because of our findings, we proposed that plasma
Cer concentration represents an early biomarker of response
efficacy SBRT and irinotecan. This statement is supported
by the fact that neither sex, age, location nor tumor volume
was a co-variance factor correlated with the increase of
ceramide during treatment. Preliminary data shows that
tumor irradiation in mice induces plasma Cer in a dose-
dependent manner (data not shown). We must reproduce the
experiments using irinotecan to estimate its ability to induce
plasma Cer.

[0064] So, finding early surrogate markers may allow
physicians to adapt or stop the treatment, limiting potential
complications associated with treatments that do not have
clinical benefits. Furthermore, early biomarkers allowing
adaptation of the tumor treatment will permit a personalized
therapy by reducing the cost of the treatment and the arrest
of expensive targeted therapy, if necessary. Further investi-
gations will be required to demonstrate if our finding can be
generalized to other radiotherapy protocols. Common radio-
therapy protocols are designed using a fractionated dosing
schedule of 2 Gy daily for several weeks. It is still not clear
whether conventional fractionation is inducing intracellular
Cer inside the irradiated cells. The 2 Gy per day dose of
radiation may not be enough to generate Cer. Furthermore,
as already seen on the tumor cell death, the Cer generation
might be occurring slowly over the course of several weeks
of the treatment and thus changes over baseline may not
reach the level of significance. Further clinical studies must
validate or refute Cer as a tumor response surrogate marker
after conventional radiotherapies. The new radiotherapy
devices (stereotaxic X-ray accelerator, intrabeam, proton-
therapy) allow better tumor targeting. As a consequence,
clinical protocols are being re-evaluated and redesigned for
some tumor exposures, with a dose escalation and a decrease
in the number of fractions. By increasing the dose, intrac-
ellular Cer generation and/or tumor cell death is enhanced.
In this case, plasma Cer levels would be expected acutely
after irradiation improving its detection. Because of those
specificities, increase of plasma Cer might only be observ-
able and quantifiable after high dose radiation.

[0065] Finally, this study providing an important and
timely insight of the plasma ceramide impact in tumor
response to SBRT with irinotecan might be translated into an
improvement in the clinical management of similar patients.
Our Kaplan Meier analyses shows a statistical discrimina-
tion of tumor control in patients, defined by CT-Scan over
the first year of treatment, and the plasma Cer elevation or
diminution (FIG. 6). Moreover, plasma Cer concentration at
D10 seems more truthful to estimate the probability of
patient to prolong tumor control over the year. When Cer
decrease at D3 or D10, tumor volume in 50% of patients will
increase proving a failure of the therapy during or just at the
end of the treatment. Tumor volume assessment by MRI,
CT-Scan or PET-SCAN may be observed but only months
after treatment. This limits the usage of new treatments for
refractory patients and increases the risk of tumor progres-
sion and complications of ineffective treatments. Early diag-
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nostic biomarkers of the tumor response during the radio-
therapy may influence physicians to adapt or to stop
inefficient treatments. Moreover, patients will be reassured
rapidly of their treatment efficacy. In this circumstance, the
modulation of secreted Cer in blood flow represents a new
and interesting early biomarker of tumor response to clinical
radiotherapy protocols using high dose per fraction.
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1. A method for determining whether a patient suffering
from a cancer will achieve a response after radiation therapy
comprising the steps of 1) determining the level of ceramide
in a first blood sample obtained from the patient before
radiation therapy, ii) determining the level of ceramide in a
second blood sample obtained from the patient during or just
after radiation therapy, iii) comparing the level determined
at step 1) with the level determined at step ii) and iv)
concluding that the patient will achieve response when the
level determined at step ii) is higher than the level deter-
mined at step i) or concluding that the patient will not
achieve a response when the level determined at step ii) is
lower than the level determined at step i).
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2. The method of claim 1 wherein the cancer to be treated
include primary tumors and metastatic tumors.

3. The method of claim 1 wherein the cancer is selected
from the group consisting of cancer cells from the bladder,
blood, bone, bone marrow, brain, breast, colon, esophagus,
gastrointestine, gum, head, kidney, liver, lung, nasopharynx,
neck, ovary, prostate, skin, stomach, testis, tongue, and
uterus.

4. The method of claim 1 wherein the cancer is selected
from the group consisting of neoplasm, malignant; carci-
noma; carcinoma, undifferentiated; giant and spindle cell
carcinoma; small cell carcinoma; papillary carcinoma;
squamous cell carcinoma; lymphoepithelial carcinoma;
basal cell carcinoma; pilomatrix carcinoma; transitional cell
carcinoma; papillary transitional cell carcinoma; adenocar-
cinoma; gastrinoma, malignant; cholangiocarcinoma;
hepatocellular carcinoma; combined hepatocellular carci-
noma and cholangiocarcinoma; trabecular adenocarcinoma;
adenoid cystic carcinoma; adenocarcinoma in adenomatous
polyp; adenocarcinoma, familial polyposis coli; solid carci-
noma; carcinoid tumor, malignant; branchiolo-alveolar
adenocarcinoma; papillary adenocarcinoma; chromophobe
carcinoma; acidophil carcinoma; oxyphilic adenocarci-
noma; basophil carcinoma; clear cell adenocarcinoma;
granular cell carcinoma; follicular adenocarcinoma; papil-
lary and follicular adenocarcinoma; nonencapsulating scle-
rosing carcinoma; adrenal cortical carcinoma; endometroid
carcinoma; skin appendage carcinoma; apocrine adenocar-
cinoma; sebaceous adenocarcinoma; ceruminous; adenocar-
cinoma; mucoepidermoid carcinoma; cystadenocarcinoma;
papillary cystadenocarcinoma; papillary serous cystadeno-
carcinoma; mucinous cystadenocarcinoma; mucinous
adenocarcinoma; signet ring cell carcinoma; infiltrating duct
carcinoma; medullary carcinoma; lobular carcinoma;
inflammatory carcinoma; paget’s disease, mammary; acinar
cell carcinoma; adenosquamous carcinoma; adenocarci-
noma w/squamous metaplasia; thymoma, malignant; ovar-
ian stromal tumor, malignant; thecoma, malignant; granu-
losa cell tumor, malignant; and roblastoma, malignant;
Sertoli cell carcinoma; leydig cell tumor, malignant; lipid
cell tumor, malignant; paraganglioma, malignant; extra-
mammary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic mela-
noma; superficial spreading melanoma; malig melanoma in
giant pigmented nevus; epithelioid cell melanoma; blue
nevus, malignant; sarcoma; fibrosarcoma; fibrous histiocy-
toma, malignant; myxosarcoma; liposarcoma; leiomyosar-
coma; rhabdomyosarcoma; embryonal rhabdomyosarcoma;
alveolar rhabdomyo sarcoma; stromal sarcoma; mixed
tumor, malignant; mullerian mixed tumor; nephroblastoma;
hepatoblastoma; carcinosarcoma; mesenchymoma, malig-
nant; brenner tumor, malignant; phyllodes tumor, malignant;
synovial sarcoma; mesothelioma, malignant; dysgermi-
noma; embryonal carcinoma; teratoma, malignant; struma
ovarii, malignant; choriocarcinoma; mesonephroma, malig-
nant; hemangiosarcoma; hemangioendothelioma, malig-
nant; kaposi’s sarcoma; hemangiopericytoma, malignant;
lymphangiosarcoma; osteosarcoma; juxtacortical osteosar-
coma; chondrosarcoma; chondroblastoma, malignant; mes-
enchymal chondrosarcoma; giant cell tumor of bone;
ewing’s sarcoma; odontogenic tumor, malignant; ameloblas-
tic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pinealoma, malignant; chordoma; glioma,
malignant; ependymoma; astrocytoma; protoplasmic astro-



US 2017/0184566 Al

cytoma; fibrillary astrocytoma; astroblastoma; glioblastoma;
oligodendroglioma; oligodendroblastoma; primitive neu-
roectodermal; cerebellar sarcoma; ganglioneuroblastoma;
neuroblastoma; retinoblastoma; olfactory neurogenic tumor;
meningioma, malignant; neurofibrosarcoma; neurilem-
moma, malignant; granular cell tumor, malignant; malignant
lymphoma; Hodgkin’s disease; Hodgkin’s lymphoma; para-
granuloma; malignant lymphoma, small lymphocytic;
malignant lymphoma, large cell, diffuse; malignant lym-
phoma, follicular; mycosis fungoides; other specified non-
Hodgkin’s lymphomas; malignant histiocytosis; multiple
myeloma; mast cell sarcoma; immunoproliferative small
intestinal disease; leukemia; lymphoid leukemia; plasma
cell leukemia; erythroleukemia; lymphosarcoma cell leuke-
mia; myeloid leukemia; basophilic leukemia; eosinophilic
leukemia; monocytic leukemia; mast cell leukemia; mega-
karyoblastic leukemia; myeloid sarcoma; and hairy cell
leukemia.

5. The method of claim 1 wherein the radiation therapy
consists of a hypo fractionated radiation therapy.

6. The method of claim 1 wherein the treatment course
comprises 1, 2, 3, 4 or 5 regimens of ionizing radiations.

7. The method of claim 1 wherein the regimen of ionizing
radiations is combined with the administration of at least one
chemotherapeutic agent.

8. The method of claim 7 wherein the chemotherapeutic
agent is selected from the group consisting of aminoglute-
thimide, amsacrine, anastrozole, asparaginase, beg, bicalu-
tamide, bleomycin, buserelin, busulfan, campothecin,
capecitabine, carboplatin, carmustine, chlorambucil, cispla-
tin, cladribine, clodronate, colchicine, cyclophosphamide,
cyproterone, cytarabine, dacarbazine, dactinomycin, dauno-
rubicin, dienestrol, diethylstilbestrol, docetaxel, doxorubi-
cin, epirubicin, estradiol, estramustine, etoposide, exemes-
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tane, filgrastim, fludarabine, fludrocortisone, fluorouracil,
fluoxymesterone, flutamide, gemcitabine, genistein, goser-
elin, hydroxyurea, idarubicin, Ifosfamide, imatinib, inter-
feron, irinotecan, ironotecan, letrozole, leucovorin, leupro-
lide, levamisole, lomustine, mechlorethamine,
medroxyprogesterone, megestrol, melphalan, mercaptopu-
rine, mesna, methotrexate, mitomycin, mitotane, mitoxan-
trone, nilutamide, nocodazole, octreotide, oxaliplatin, pacli-
taxel, pamidronate, pentostatin, plicamycin, porfimer,
procarbazine, raltitrexed, rituximab, streptozocin, suramin,
tamoxifen, temozolomide, teniposide, testosterone, thiogua-
nine, thiotepa, titanocene dichloride, topotecan, trastu-
zumab, tretinoin, vinblastine, vincristine, vindesine, and
vinorelbine.

9. The method of claim 1 wherein the protocol of radiation
therapy consist of 4 sessions of 10 Gy spread over 2 weeks
atday 1, 3, 8 and 10 using combined with the administration
of'a dose of irinotecan (injected 30 to 90 min before the first
and third radiotherapy sessions.

10. The method of claim 9 wherein the second blood
sample is obtained at day 3.

11. The method of claim 1 wherein the level of ceramide
is determined by Ultra Performance Liquid Chromatography
coupled to a mass spectrometer

12. The method of claim 1 wherein the level of total
ceramide is determined.

13. The method of claim 1 wherein the level of at least one
ceramide subspecies is determined wherein the subspecies is
selected from the group consisting of C16, C16:1, C18,
C18:1, C20, C20:1, C22, C22:1, C24, and C24:1 ceramides.

14. The method of claim 1 wherein the level of C24
ceramides is determined.
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