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OPWUTUHAJIbHBIE MCCIIEAOBAHMS
ASSOCIATION BETWEEN

HYPOXIA LEVEL IN GASTRIC
CANCER, ASSESSED BY *P NMR
SPECTROSCOPY, AND RESULTS
OF PATIENTS TREATMENT

WITH DIFFERENT METHODS

Aim: to analyse the association between gastric cancer hypoxia level and results
of patients treatment. Patients and methods: the specimens of primary gastric can-
cer were investigated. 150 naive patients were enrolled into the study. Tumor hy-
poxia level was assessed by 3' P NMR spectroscopy in perchloric extracts of tumor
obtained afier surgical excision. Patients were treated by operation alone, neo-
adjuvant or adjuvant chemotherapy in accordance with standards of therapy.
Results: it was determined that hypoxia of primary tumor decreases the efficacy
of neoadjuvant as well as adjuvant chemotherapy. It was revealed that negative
influence of regional lymph node metastases on the disease outcome is enhanced
by tumor hypoxia. It was shown that the risk of unfavorable disease outcome in
patients with N category and tumor characterized by severe hypoxia is significant-
by increased. Conclusions: negative influence of tumor hypoxia on neoplasia re-
sponse fo cytostatic chemotherapy was confirmed; the evidences for the expedien-
cy of the evaluation of hypoxia level in gastric cancer in biopsy and/or operation

specimens before the choice of therapy methods were obtained.

INTRODUCTION

Problem of effective treatment of patients with gastro-
intestinal malignancies, in particular gastric cancer still
needs a radical solution. Despite of some success in com-
bined therapy of these patients including new surgical tech-
nologies, target therapy and modern radiation treatment,
outcome results are not improved [1, 2]. One of the promi-
sing approaches directing to enhance the antitumor the-
rapy efficacy there are investigations aimed to evaluate
the molecular profile of tumor for each patient for in-
dividualized therapy [3, 4]. Tumor hypoxia, i.c., low le-
vel of oxygenation, stipulated by defective anatomy and
physiology of tumor vascularity, occupies a special place
among biological features of malignant neoplasia [5, 6].
Hypoxia is considered as a key factor in tumor pathoge-
nesis and malignant progression. Obtained experimen-
tal and clinical evidences have shown that hypoxic frac-
tion of solid tumors stimulates the growth and metastatic
potential, and reduces the sensitivity to radiation as well
to the number of cytostatics [7—10]. In several studies it
was demonstrated that low value of partial pressure of oxy-
gen (p0O,), i.e., high level of hypoxia and overexpression of
hypoxia-associated proteins in tumor may predict the un-
favorable disease outcome [11, 12]. Results of clinical ob-
servations have allowed to recommend the use of hypoxia
level in tumor and expression of hypoxia-associated pro-
teins as prognostic factors [7, 11, 13—15].

Nuclear-magnetic resonance (NMR) spectroscopy,
being a very convenient and informative technique in
vitro and in vivo investigations has been widely applied.
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NMR in vivo in combination with NMR-imaging has
so far proven useful in differentiating malignant and be-
nign tumors, permitting non-invasive detection and cha-
racterization of the tumors, monitoring of a number of re-
levant metabolites and in accordance with their changes
to estimate the efficacy of applying therapy and prevent
recurrence| 16—18]. It is well known that metabolic ratios,
obtained by NMR spectroscopy, are very informative in
the assessment of tissue bioenergetic status and associated
with hypoxia level that permits application some metabol-
ic ratios to assess the hypoxia level in tissue [19, 20]. It has
to be noted that clinical practice commonly deals with ad-
vanced tumors where PCr (phosphocreatin) and/or BNTP
(adenosintriphosphate) often drop to undetectable values.
Hence, for the evaluation of the bioenergetic status and
hypoxia level in tumor PME/Pi (phosphomonoesters/
inorganic phosphate) metabolic ratio become very useful
because phosphomonoesters are very sensitive to the lev-
el of oxygenation (a highly significant linear correlation
(p < 0.001) was found between the mean tissue pO, and
the respective PME/Pi ratio) [20].

The results of our previous investigations using *'P
NMR [13] with analysis and comparison with other me-
thods and indices for the evaluation of hypoxia level [19, 20]
permitted us to use the PME/Pi metabolic ratio for the as-
sessment of the hypoxia level in gastric cancer tissue. It
was determined that median value of the PME/Pi ratio for
the gastric cancer tissue was 1.4 (range 0.8—5.32). Tumors
are characterized as severe hypoxic if the PME/Pi < 1.4,
whilst if the PME/Pi > 1.4 — satisfactory oxygenated.
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The aim of this study was to evaluate the hypoxia level
in tumor tissue of patients with gastric cancer using *'P
NMR spectroscopy and determine its association with
patients survival according to the methods of therapy.

PATIENTS AND METHODS

A total of 150 patients with gastric cancer (GC) have
been enrolled into the study. It was investigated patients,
treated with operation alone or with chemotherapy ac-
cording to the scheme FAP (fluorouracil, adriamycin,
cisplatin) prior to surgery (neoadjuvant chemotherapy)
or after (adjuvant chemotherapy). Doses of the drugs as
well as the scheme of chemotherapy have been provi-
ded according to the standard treatment. Tissue sam-
ples were taken immediately after tumor excision and put
into the liquid nitrogen for the following investigating.

Tumors were classified and staged according to
the TNM system [21] and histological types of tumor were
evaluated by WHO histological classification [22]. Clini-
copathological characteristics of the patients with GC
are presented in the Table 1. All patients were thorough-
ly informed about the study that was approved by the lo-
cal ethics committee.

Table 1
Patients and tumor characteristics
Characteristics s LT L LT

n (%)
Gender
Male 87 (58.0)
Female 63 (42.0)
Age (years)
Median 62
Range (28—-80)
Histological type
Adenocarcinoma 119 (79.3)
Mucinous adenocarcinoma 10 (6.7)
Signet-ring cell carcinoma 13 (8.7)
Undifferentiated carcinoma 8(5.3)
Tumor location
Upper third 27 (18.0)
Middle third 38 (25.3)
Lower third 76 (50.7)
Total 9(6.0)
Grade (G)
1 2(1.3)
2 29(19.3)
3 76 (50.7)
4 43 (28.7)
UICC stage
| 18 (12.0)
Il 34 (22.6)
I} 52 (34.7)
v 46 (30.7)
T-classification
1 2(1.3)
2 25(16.7)
3 85 (56.7)
4 38 (25.3)
Nodal involvement
N, 60 (40.0)
N_, 90 (60.0)
Distant metastasis
M, 130 (86.7)
M, 20 (13.3)
Total 150 (100.0)

Assessment of the hypoxia level has been provided
using 3P NMR spectroscopy in tissue perchloric
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acid (PCA) extracts. (*'P NMR Bruker 400 MHz,
Widebore Ultrashield, AV-400 Eelectronics, Germany,
at 161.976 MHz). ¥P NMR spectra have been obtained
in the NMR Spectroscopy Center (G.V. Kurdyumov In-
stitute for Metal Physics, NAS of Ukraine).

As a standard, methylenediphosphonic acid, trisodi-
um salt (Sigma, CI1IA) was used. All *'P chemical shifts in
the spectra were set relative to PCr by setting the PCr signal
t0 0.00 ppm. The areas of the signals on the *'P NMR spec-
tra were determined by the integration mode of the spec-
trometer. For the assessment of the hypoxia level in tumor
of patients with GC it was used the *P PME/Pi metabo-
lic ratio. All details of *'P NMR method as well prepara-
tion of PCA tissue extracts have been presented in our ear-
lier publication [13, 23].

All statistical analyses were conducted using the NCSS
2000/PASS 2000 and Prism, version 4.03 software
packages. The survival proportion was estimated using
the Kaplan — Meier method and differences in survival
were analyzed with the log-rank test. Prognostic values
of relevant variables were analysed by means of the Cox
proportional hazards model using hazard ratio (HR) and
¥? test. Two-tailed p values < 0.05 were considered sta-
tistically significant.

RESULTS AND DISCUSSION

The level of hypoxia was assessed in all patients using
PME/Pi ratio that allowed to divide the patients into
the two groups: patients whose tumors were in a state of
severe hypoxia (PME/Pi <1.4) and in a state of satisfac-
tory oxygenated (PME/Pi>1.4). It should be noted that
the hypoxia level in GC was correlated neither with T,
N or M categories (UICC classification) nor with stage
of disease. This corresponds to well known fact that hy-
poxia level does not depend on tumor size, histological
type, grade of differentiation, size of necrotic regions or
clinical stage [7]. All patients were divided into groups in
the following: first group included patients who received
surgery alone, the second — adjuvant chemotherapy, and
the third — neoadjuvant chemotherapy.

58 patients have been treated with operation alone,
of these 25 patients (43.1%) died; 59 patients with ad-
juvant chemotherapy, of these 30 patients (50.8%) died;
and 33 patients with neoadjuvant chemotherapy, of these
19 patients (57.6%) died. The death of all patients was
related to GC.

31 patients who have been operated only had N, category,
of these 12 (38.7%) died, and 27 patients — N, category, of
these 14 (51.9%) died. Among patients who underwent ope-
ration followed by adjuvant chemotherapy 17 patients had
N, categoryand 42— N ,category, ofthese 3 patients (17.6%)
and 27 (64.3) died, respectively. Among patients who have
been treated with neoadjuvant chemotherapy 13 patients had
N,, of these 4 patients (30.8%) died, and 20 patientshad N,
of these 15 (75%) died. These data clearly show the negative
impact of the metastases in regional lymph nodes on the re-
sults of treatment and confirm their well-known prognostic
significance [24, 25]. It should also be noted that the primary
tumor hypoxia corrects the well known fact of negative im-
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pact of regional metastasis on disease outcome. The analy-
sis of influence of hypoxia level on prognosis of disease out-
come has indicated that risk of dying was increased by a fac-
tor of more than 2.0 (hazard ratio 2,39; 95%CI 1,135-5,342,;
x*=35,204; p=0,035) for patients with N category and when
primary tumor was characterized by severe hypoxia. These
data indicate, probably, the necessity to use adjuvant chemo-
therapy in patients with high level hypoxia even with “nega-
tive” lymph nodes, i.e., without diagnosed regional metasta-
ses. Unfavorable disease outcome in cervical cancer patients
with negative lymph nodes and high level of hypoxia in pri-
mary tumor was observed by Fyles et al. [26].

In accordance with hypoxia level in the primary tumor
ineach group of patients it was detected as tumors characte-
rized by severe hypoxia as well satisfactory oxygenation (Ta-
ble 2). Data presented in Table 2 demonstrate almost ho-
mogenous distribution as a number of patients (%) as well
according to hypoxia level in primary tumor in each group
of patients. It allows to compare the survival in all groups
of patients. It has to be noted that despite hypoxia level was
evaluated in surgical specimens in patients who have been
treated with neoadjuvant chemotherapy, i.e., chemothe-
rapeutic drugs impact on tumor metabolism resulting in
possible correction of hypoxic status, this group was ana-
lyzed to detect the influence just of cytostatic drugs on hypo-
xia level. Obtained results showed that hypoxic tumors af-
ter neoadjuvant chemotherapy were detected in 18 patients
(54.5%), whereas satisfactory oxygenated — in 15 (45.5%)
(see Table 2). Overall, 33 patients were in this group, of these
11 patients (61.1 %) died with hypoxic tumors, and 8 (53.3%)
with satisfactory oxygenated tumors. These data allow
to suggest that neoadjuvant chemotherapy did not signifi-
cant influence the indices that determine the hypoxia level.

Survival of GC patients in a accordance with N catego-
ry and hypoxia level in primary tumor who have been tre-
ated with different methods was presented in Tables 3 and 4.
The data of Table 3 demonstrate that treatment with neo-
adjuvant chemotherapy has not given the positive result,
just as it was expected, in comparison with operation alone
or adjuvant chemotherapy both for all patients and, espe-
cially, for those with hypoxic tumors. When surgical ope-
ration or chemotherapy was used for patients with satis-
factory oxygenated primary tumors the more efficacy both
neoadjuvant and adjuvant chemotherapy was observed,
but the differences were statistically significant for ad-

juvant chemotherapy only (p < 0.05). Obtained results
have confirmed the position concerning negative impact
of hypoxia on tumor response to cytostatic therapy [7—9].
The results presented in Table 4 indicate that more favorab-
le method for the patients with satisfactory oxygenated
tumors and negative N status is a surgical operation. It
should be noted that there were not enough number of
patients with N category who have been treated with
neoadjuvant or treated with adjuvant chemotherapy. At
the same time it is clearly seen that presence of metasta-
ses in regional lymph nodes is a reason to apply the ad-
juvant chemotherapy, although the significant effect af-
ter its applying was not observed, especially in patients
with hypoxic tumors.

Table 2

Patient groups in accordance with tumor hypoxia level

and therapy methods
Patient groups in accordance
PME]Pi ratio with therapy methods (n; %)
(hypoxia level) Mjuvant | Neoadju-
Operation | chemothe- | vant chemo-
rapy therapy
PME/Pi < 1.4 1.05+0.04 | 1.02+0.05 | 1.02+0.06
(“severe” hypoxia) (0.6-1.35) | (0.44-1.39) | (0.6-1.4)
(M£m, range) (27;46.6) | (32;54.2) | (18;54.5)
PME/Pi> 1.4 1.95+£0.1 | 1.99+0.11 | 2.04+0.2
(satisfactory oxygenation) (1.41-3.99) | (1.43-3.79) | (1.42-3.91)
{M£m, range) (31; 53.4) (27; 45.8) {15; 45.5)
Table 3

Survival of GC patients as a function of hypoxia level
in primary tumor and different therapy methods (in months}

Overall Hypoxia level, PME/Pi
survival, <1.4 >1.4
Therapy method (Mzm, (Mm, (Mzm,
range) range) range)
Operation 15.7 +1.86 15.5+2.53 16.5+2.8
n<95 d (2.5-41.7) (2.5-29.6) (4.46-41.7)
n=25 n=15 n=10
Operation + 14.6 = 1.56 11.6+1.44 170+ 2.4
adjuvant chemotherapy, | (3.15-33.9) (3.15-20.6) | (3.35-33.9)
n=30 n=30 n=13 n=17
i 1234176 | 1112258 | 1324233
. (1.1-28.9) (1.1-27.3) {1.35-28.9)
operation, 3 _ _
n=19 n=19 n=1 n=8

Survival of GC patients was assessed by Kaplan —
Meier method in accordance with hypoxia level in tu-
mor (PME/Pi ratio) and method of treatment. Survival
of patients who have been treated with operation alone or

Survival of GC patients as a function of N category and hypoxia level in primary tumor
as well as different therapy methods (in months)

Table 4

Patients with N, category Patients with N, , category
" Hypoxia level, PME/Pi Overall Hypoxia level, PME/Pi
Therapy method (::::?: sr::l‘":;" <14 >1.4 survival <1.4 >1.4
=m, rang M=m, range) | (M*m, range) | (M+m, range) | (M+m, range) | (Mxm, range)
Overation 19.0£3.16 16.7£4.6 22.2+39 13.6+1.84 9.9+26 14.2 +1.03
s z 25 ’ (2.5-41.7) (2.5-29.6) (11.9-41.7) (6.9-29.5) (6.9-20.6) {3.3-29.5)
n=12 n=7 n=5 n=13 n=8 n=5
. . 18.2+5.3 14.2+1.64 11.3+1.69 16.3 £ 2.43
OEeratlon + adjuvant chemotherapy, (11.4-28.7) 12.9_1 34 2!1.7 (3.4-33.9) (3.4-20.6) (4.5-33.9)
n=30 _ n=2 n=1 _ _ _
n=3 n=27 n=11 n=16
; ] 15.6 £5.4 13129 11.6+1.85 11025 13.5+2.6
Neoadjuvant chemotherapy + operation, | (g 5 o3 4) (6.5-19.9) 284 (11-273) | (1.1-234) | (1.36-27.3)
n=19 n=1
n=4 n=3 n=15 n=8 n=7
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treated with adjuvant chemotherapy in accordance with
hypoxia level have been compared (Fig. 1, 2).
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Fig. 1. Kaplan — Meier overall survival curves for GC patients
as a function of PME/Pi ratio in tumor tissue (1 — PME/Pi >
1.4; 2 — PME/Pi < 1.4), log-rank test, 2= 5.204, p = 0.0225.
Patients who have been operated only were analyzed
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Fig. 2. Kaplan — Meier overall survival curves for GC patients
as a function of PME/Pi ratio in tumor tissue (1 — PME/
Pi > 1.4; 2 — PME/Pi < 1.4), log-rank test, x*= 0.0344l,
p = 0.8533. Patients who were treated with adjuvant chemo-
therapy were analysed

Obtained results have clearly shown inefficacy of surgi-
cal treatment alone of patients with hypoxic tumors: sur-
vival of these patients was poorer than those in patients
with satisfactory oxygenated tumors (Fig. 1; p = 0.0225).
There was not difference in survival of patients treated
with adjuvant chemotherapy and having hypoxia tumors
or having satisfactory oxygenated tumors (Fig. 2). Such
situation conincides to certain extent with data of life-span
of patients who had tumors with different level of oxyge-
nation and were treated with adjuvant chemotherapy (see
Table 3). At the same time it has to be noted that Kaplan —
Meier method gives the possibility to analyse the actua-
rial survival only, whereas data in Table 3 represent actual
survival and indicate the definite efficacy of adjuvant che-
motherapy and expediency of its using. At the same time
data on Fig. 3 that compare the survival of patients with
hypoxic tumors only, demonstrate the absence of diffe-
rences between survival of patients treated with operation
alone and treated with adjuvant chemotherapy, that co-
incides with results presented in Table 3.

286

100
75 -
2
5
£ 50 - H
= 1
w
2 -
L2
0 1 1 1 1 1
0 60 9% 120 150

Weeks
Fig. 3. Kaplan — Meier overall survival curves for GC patients
as a function of therapy methods (1 — adjuvant chemotherapy;
2 — operation alone), log-rank test, 2= 0.1959, p = 0.6580.
All patients were characterized by “hypoxic” tumors (PME/
Piratio < 1.4)

Survival of patients with satisfactory oxygenated tu-
mors was preferably after operation alone (Fig. 4). Such
conclusion that is in a certain sense paradoxical, is some-
what disproved by the clinical characteristics of patients.
Group of patients who were treated with adjuvant chemo-
therapy or operation alone were differed by stage of dis-
ease and N and M categories; the number of patients with
stage I1I in group of adjuvant chemotherapy and in group
of operation alone was 48.1% and 24%, in stage IV — 37%
and 13%, with N, category — 86.2% and 31% and with
M category — 14.8% and 6.9%, respectively. These data
explain the obtained results of therapy and emphasize both
of complexity of GC treatment [24, 25], and negative ef-
fect of tumor hypoxia on chemotherapy efficacy (see Ta-
bles 3 and 4).
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Fig. 4. Kaplan — Meier overall survival curves for GC patients
as a function of therapy methods (1 — adjuvant chemotherapy;
2 — operation alone), log-rank test, x>=4.449, p = 0.0349. All
patients were characterized by “oxygenated” tumors (PME/
Piratio > 1.4)

CONCLUSION

1. Hypoxia of primary tumor negatively influences the ef-
ficacy of different methods of treatment: surgical interven-
tion alone as well neoadjuvant or adjuvant chemotherapy.

2. Negative impact of metastases in regional lymph
nodes on disease outcome is significantly enhanced by hy-
poxia of primary tumor.
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3. Obtained results give the reason to consider expedi-
ent the application of the adjuvant chemotherapy in patients
with hypoxic tumors, probably, in the early stages of discase,
even for patients with negative lymph node status.
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3B’A30K MIXK PIBHEM TnNoKcil
TKAHUHW PAKY LUNYHKA

TA PE3YNILTATAMU NIKYBAHHA XBOPUX
PI3HMMWA METOLLAMMW

A.C. Ocuncoxuii, JI. M. By6noacoxa,
A.B. Kogeaocoxa, C.II. Mepenues

Pesiome. Mema: npoananizyeamu 36’30k Mixc pie-
Hem zinokcii mxanunu paky waynxa (PIII) ma pe-
3yasmamami AiKysanus xeopux. Memoou: y docai-
Oxcernns exatoueno 150 xeopux na nepeunnuii PIII,
AKUM NPOGEOEHO Auue onepamuéHe AiKysanHs abo
3aCMOCOBAHO Heoad 106aHmMHy uu a0’108aHmMHy Ximio-
mepanito (XT) eidnoeidno 0o cmandapmis. Pigens ei-
nokcii susnauaru memooom >'P gdeprnoi maznimuo-
PE30HAHCHOI CheKmPOCKORIT NepXA0pHUX eKCmpaKmie
NYXAUHU, OMPUMAHOT 6i0pa3y nicas 8UOANEHHS, OYIHIO-
rouu memaboniune cniseionouwienns PME/Pi. Pe3yas-
mami: 6CMmaHo6AeHO, W0 2INOKCIA NEPBUHHOI nyXau-
Hu (PME/Pi < 1,4) nHezcamuero enaueac Ha echexmué-
Hicmb K camoi auuie onepayii, max i Heoad loeanmuoi
uyu ao’roeanmuoi XT. BusnaueHo, wjo HecamueHul
6naue pezionaprux memacmasie (N ) Ha nepebiz 3axeo-
DIOBAHHSA NIGCURIOEMbCA 2INOKCIEI0 nyXauHu. Y X80pux
i3 kameeopieio N ,3a ymo6 2inOKCii RyXauHu pusuK He-
Cnpusmausoeo nepebizy 3axe0pI06aHHs MaKOXC 3p0C-
mae. Bucnosxu: niomeepdcerno HecamusHuii enaue
2inokcil nyxaunu Ha eionogidb ocmaHHbOl Ha Yumoc-
mamuuny XT; ompumaro doka3su doyineHocmi 6U3Ha-
uenns piens einoxcii PII e onepayjiiinomy mamepiani
015 ubopy memody niKy8aHHA.

Kmo9oBi cJi0Ba: pak IMuTyHKa, rinokcist, AMP-
CIIEKTPOCKOIIif, XiMioTepaItis.
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