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Summary

• Objective: To detect variations of the serum amino acids (AA) profile in cancer patients undergoing
chemotherapy to identify factors predicting the response to treatment.

• Material and methods: In 54 patients with lung, head and neck, and germ cell tumors, the circulating
concentrations of 27 AA were prospectively measured at the basal line and following each chemotherapy
cycle. 

• Results: We observed changes in the majority of the AA following the first chemotherapy cycle in
relation to the basal line. These changes were greater in those patients who responded to chemotherapy.
Following the first chemotherapy cycle, the per cent increase with regard to the base line was significantly
greater for 17 AA in subjects responding to therapy when compared with those who did not respond.

• Conclusions:In patients responding to therapy, a rapid rise of the majority of the AA following the first
cycle appears to be an early indicator of tumor response to cisplatin-containing chemotherapy.
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Introduction

Amino acids (AA) are simple monomeric sub-
units composed of a carboxyl group and an amino
group bound to the same carbon atom1. The 20 AA
of the proteins are usually termed “standard”2. There
are 5 principal AA groups: the apolar aliphatic “R”
groups, the aromatic groups, the uncharged polar
groups, the negatively charged groups, and the posi-
tively charged groups3. Ion exchange chromato-
graphy is the most used method to separate, identify
and quantify each of the AA present in a mixture4.

The metabolic processes in the cancer patient are
substantially different to normal subjects with pecu-
liarities in the metabolism of the principal interme-
diates, not only with carbohydrates5, 6 and fats7 but
also with the proteins. The alterations of the AA me-
tabolism and of the proteins in the organism of the
patients with cancer are a consequence of metabolic
dysfunction, such as accelerated gluconeogenesis
and the increase in the synthesis of proteins in the li-
ver8. The degree of change in the pattern of the se-
rum AA in cancer patients depends on variables
such as: the specific type of tumor, the stage of the
disease and its extent, and the presence or not of
protein-caloric malnutrition9. The analysis of serum
AA in the different studies conducted have been

complicated by the heterogeneity of the neoplasias,
as well as the difference in response to treatment
employed10.

The concentrations of some of the serum AA can
be specific in relation to the type of tumor and ac-
cording to the quality of influence on the metabolic
status of the host11, 12. The concentrations of these
AA have been observed to return to their normal va-
lues after an efficacious therapy change again on di-
sease relapse13. In murine models, specific patterns
of AA profile have been observed in the serum of
rats that have had a specific tumor-type implanted,
and which normalizes when the tumor is
extirpated14. In lung cancer, the increase in glutamic
acid can be the result of an inefficient use of nitro-
gen since the tumor acts as a “nitrogen trap”15, com-
peting with the host for nitrogenous components
that are needed for its own protein synthesis; the
glutamic acid being normalized when the tumor is
extirpated16. Similar observations have been made in
several studies in humans17-22.

Hence, change in the levels of AA can have im-
portance in the clinical management of malignant
neoplasias in that they can be used as markers of
response to the oncologic treatment, as well as of
early recurrence during follow-up23. In our study we
analyzed variations of the profile of serum AA of
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Resumen

• Objetivo: Detectar variaciones en el perfil de AA séricos de pacientes neoplásicos sometidos a trata-
miento quimioterápico, e intentar encontrar factores predictivos de respuesta tumoral.

• Material y métodos:En 54 pacientes con carcinoma de pulmón, cabeza y cuello y geminales sin alte-
raciones metabólicas ni otras patologías concomitantes se determinaron prospectivamente los niveles séricos
basales de 27 aa diferentes y se analizan basalmente y tras cada ciclo de quimioterapia. 

• Resultados:Observamos modificaciones en la mayoría de los AA medidos tras el primer ciclo de qui-
mioterapia respecto a su nivel basal. Estas modificaciones fueron más ostensibles en sujetos con respuesta a la
quimioterapia. La variable porcentaje de incremento de los AA (calculada teniendo en cuenta la diferencia del
nivel de aa tras el primer ciclo de quimioterapia respecto al nivel basal) fue significativamente superior en 17
AA en sujetos respondedores frente a los no respondedores.

• Conclusiones: La elevación brusca de la mayoría de los aminoácidos tras el 1º ciclo de quimioterapia,
parece ser indicador predictivo precoz de respuesta tumoral.

Palabras clave:Aminoácidos. Qumioterapia. Respuesta tumoral



patients with cancer undergoing chemotherapy with
the intent of early identification of factors predictive
of early tumor response to treatment. 

Materials and methods

Patient selection

The study was prospective and included 54 pa-
tients with the diagnosis of cancer of the lung or he-
ad & neck beyond surgery, and testicular tumors.
The patients were treated in a single centre with
chemotherapy based on cisplatin. The selection cri-
teria were: age between 18-70 years; ECOG status
<2; weight loss <5%; measurable disease; no pre-
vious chemotherapy; no concomitant endocrine-me-
tabolic disorders or non-controlled hypertension or
infections. Hepatic, renal cardiac and bone marrow
function needed to be normal and the patient was
not to be receiving food supplements; neither enteral
nor parenteral. 

Therapeutic protocol

In all the cases, cisplatin was employed at the sa-
me dose of 100 mg/m2 in cycles repeated every 21
days. The type of chemotherapy employed was cis-
platin + etoposide in all the patients with lung can-
cer; cisplatin + 5-fluorouracil in all the patients
with head & neck cancer and the BEP (Bleomicine,
Etoposide, Cisplatin) scheme in all the patients with
germinal cell tumors. The chemotherapy was admi-
nistered in hospital. Prior to the administration of
each cycle of chemotherapy, a blood sample was ta-
ken for analysis (hemogram, glycemia, creatinine,
electrolytes). We stopped the sample collection at
the conclusion of the scheduled treatment, or treat-
ment was suspended prematurely because of pro-
gression of the disease or of toxicity, or when there
were factors that could alter the quality of the sam-
ple such as a loss of weight >5%, infections, or ne-
ed for artificial nutrition. No other chemotherapy,
immunotherapy or hormonal therapy was adminis-
tered nor radiotherapy, or experimental medication
while the patients were in the present study; neither
did we use supplementary feeding (enteral nor pa-
renteral). The response of the patients was evalua-
ted every 3 cycles of chemotherapy, using clinical

and radiographic techniques. The evaluation was
according to the definitions of the WHO: Complete
Response (CR):complete disappearance of the di-
sease in two observation within an interval not less
that 4 weeks; Partial Response (PR): decrease of
50% or more in tumor size and of the lesions mea-
sured in two observations within an interval of not
less that 4 weeks and, as well, without the appea-
rance of new lesions nor progression of any of the
existing lesions.

Laboratory measurements

The measurements consisted of serum analysis of
27 different amino acids. Blood sampling was befo-
re the start of the chemotherapy and at 72h after the
administration of the chemotherapy cycle. The AA
measured were: aspartic acid, taurine, theronine, se-
rine, asparginine, glutamic acid, glutamine, proline,
glycine, alanine, citrulline, aminobutyric acid, vali-
ne, cysteine, methionine, isoleucine, leucine, tyrosi-
ne, phenylalanine, tryptophan, ornithine, lysine, hys-
tidine, arginine, hydroxyproline, 3-methyl hystidine,
1 methyl hystidine.

The AAs were measured with a Beckman System
6300/7300 Amino Acid Analyzer (Pickering Labo-
ratories) according to the manufacturer’s instruc-
tions and protocols. Samples for analysis were pre-
pared from 1 ml of blood collected into tubes con-
taining heparin. An aliquot (20 µL) whole blood
was transferred to a 400 µL centrifuge tube and 200
µL of a buffer solution (pH 2.2 containing a mixture
of hydrochloric acid and citric acid), mixed tho-
roughly and frozen and stored at –20°C for batched
analysis to minimise methodological variation in
measurement. Subsequently, the samples were tha-
wed and centrifuged at 13,000 rpm for 10 min. To
de-proteinise the sample, 200 µL of the supernatant
was taken with a micropipette, transferred to a 400
(L centrifuge tube to which 20 µL of sulphosalicylic
acid was added and centrifuged at 13,000 rpm for 5
min. Supernatant (5 µL) was mixed with 50% Li-A
(Lithium citrate high performance AA analysis buf-
fer) and passed through a 2 µL filter 

Statistical analyses

The comparisons of AA profile variation follo-
wing the first chemotherapy cycle (dichotomized in-

Oncología, 2005; 28 (7):321-328

23



dependent qualitative variable and dependent quan-
titative variable with dependent samples) were with
the Wilcoxon test. For the changes following the
first cycle of treatment as a function of the tumor
response, the dependent variable employed was de-
fined as the “percentage of variation” (%V) relative
to the baseline using the following formula: %V =
(X1-Xb) / Xb; (dichotomized qualitative independent
variable and the quantitative dependent variable
with independent samples) and comparisons were
with the Mann-Whitney test. 
Where:
X1= AA value following the first cycle
Xb= AA value at baseline

Results

The characteristics of the patients were as fo-
llows: the median age of the patients was 58 years
(range 23-70). The gender distribution was 48 males
(88%) and 6 females (12%). Tumor sites were 27

patients (50%) with epidermoid carcinoma of the
head & neck, 24 patients (44.4%) lung cancer 17 of
whom (70%) with histology of microcytic carcino-
ma and 7 patients (30%) with non-microcytic carci-
noma, and 3 patients (5.6%) with malignant germ-
cell testicular tumor.

A total of 254 cycles was administered and distri-
buted as: 2 cycles to 1 patient (1.9%); 3 cycles to 3
patients (5.5%); 4 cycles to 27 patients (50%); 5 cy-
cles to 3 patients (5.5%); 6 cycles to 20 patients
(37.1%). A total of 50 patients (93%) received at le-
ast 4 cycles. There were 308 measurements made.
Apart from measuring the levels of each of the
27AA at baseline (1 or 2 days prior to chemotherapy
commencement) these same parameters were mea-
sured 72h after the administration of each of the cis-
platin cycles. 

We established two groups according to the tumor
response that occurred following the initiation of the
chemotherapy: Group A: Patients with partial or
complete response and Group B: No responding pa-
tients. In Figures 1 and 2 are representations of the
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Figure 1. Variation in AA concentration following chemotherapy according to tumor response (I).



variations in the profile of most representatives AA,
segregated with respect to tumor response to che-
motherapy. 

Analyses of changes in the AA following the first
cycle of chemotherapy

The increase in the profile of serum AA eviden-
ced in the overall group of the patients following
the first cycle of chemotherapy was much more
evident in the responders than in the non-respon-
ders. For example, in patients who were respon-
ders, the variation in the levels following the first
cycle were statistically significant in 20 AA: alani-
ne, arginine, asparagine, citrulline, phenylalanine,
glycine, glutamine, hystidine, isoleucine, leucine,
lysine, methionine, ornitine, proline, serine, tauri-
ne, tyrosine, threonine, tryptophan and valine. Ho-

wever, in the patients who were non-responders,
this difference was only significant in tryptophan,
threonine, tyrosine, glutamine, phenylalanine and
citrulline (Table I). 

These data were obtained taking into account both
sub-groups of patients separately. To compare these
data of both sub-groups, the variable “percentage of
increment” (%∆) was calculated for each amino
acid. The increment in the level of the AA following
the first cycle of chemotherapy with respect to the
baseline concentrations (measured as percentage in-
crement) was significantly greater in the patients
who responded to the therapy than those who did
not in relation to 17 of the amino acids: alanine, ar-
ginine, asparginine, citrulline, phenylalanine, glyci-
ne, hystidine, isoleucine, leucine, lysine, methioni-
ne, ornitine, proline, serine, tyrosine, theronine and
valine (Table II). 
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Figure 2. Variation in AA following chemotherapy and according to tumor response (II).



Discussion

Although the specificity of changes in AA levels
in relation to tumor etiology is still not clearly de-
monstrated, it is evident that these increases return
to their normal values following an efficacious the-
rapy, and increase again with disease relapse13. Ex-
perimentally, there have been specific patterns de-
monstrated in the serum AA of rats in which speci-
fic tumors had been experimentally induced, and
which return to normal when the tumor is
extirpated14. For this reason that, in our study, we
analyzed the serum AA at baseline and after each
successive cycle of chemotherapy so as to generate
a profile of the changes that may be useful in propo-
sing factors that could be predictive of recurrence. 

However, clinical studies following this path are
rare. The study by Elling et al22, with a 2 year fo-
llow-up of patients with breast cancer, correlated the
changes in the AA profile with the disease recurren-
ce. Studies conducted after the surgical extirpation
of tumors have demonstrated a normalization of AA
that, previously, had been altered24. Similar post-sur-
gical decreases in AA had been detected in other
studies25 and, although the patho-physiological me-
chanisms underlying these findings have not been
delineated, the probable explanation may be due to
the cessation of the tumor influence on the protein
metabolism of the host.

We have not encountered, in the literature, any
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TABLE I

AA after first chemotherapy cycle compared 
to baseline

Overall Non-
patient group Responders Responders

Amino Acid P P P

3-metylhistidine NS NS NS
Aminobutyrate 0.04 NS NS
Aspartic acid NS NS NS
Glutamic acid NS NS NS
Alanine < 0.001 < 0.001 NS
Arginine 0.004 < 0.001 NS
Asparagine 0.002 < 0.001 NS
Cysteine NS NS NS
Citrulline NS 0.01 0.02
Phenylalanine < 0.001 < 0.001 0.004
Glycine 0.002 0.001 NS
Glutamine < 0.001 < 0.001 0.03
Hystidine < 0.001 < 0.001 NS
Isoleucine NS 0.007 NS
Leucine < 0.001 < 0.001 NS
Lysine < 0.001 < 0.001 NS
Methionine < 0.001 < 0.001 NS
Hydroxyproline NS NS NS
Ornitine 0.009 < 0.001 NS
Proline 0.017 0.002 NS
Serine < 0.001 < 0.001 NS
Taurine NS 0.04 NS
Tyrosine < 0.001 < 0.001 0.02
Threonine < 0.001 < 0.001 0.0027
Tryptophan < 0.001 0.001 0.012
Valine 0.01 < 0.001 NS

TABLE II

Comparisons of change (%∆∆) in AA following the first chemotherapy cycle

Amino Acid Responders Versus Non-Responders Amino Acid Responders Versus Non-Responders

3-methyl-histidine NS Isoleucine 0.014
Aminobutyric acid NS Leucine 0.002
Aspartic acid NS Lysine 0.005
Glutamic acid NS Methionine 0.002
Alanine 0.007 Hydroxyproline NS
Arginine 0.006 Proline 0.001
Asparagine < 0.001 Serine 0.02
Cysteine NS Taurine NS
Citrulline 0.002 Tyrosine 0.02
Phenylalanine 0.001 Threonine 0.006
Glycine 0.01 Tryptophan NS
Glutamine NS Valine 0.002
Hystidine 0.001 Ornitine 0.001

NS = not significant



study that had analyzed the changes in the AA profi-
le with the use of chemotherapy, and correlation of
the findings with tumor response to the chemothe-
rapy. We began with the hypothesis that the respon-
der patients have significant changes in the AA pro-
file relative to the non-responders. In the analysis of
each one of the AA following each cycle of chemot-
herapy we observed clear alterations in the AA pro-
file of the responders with respect to the cycles ad-
ministered; statistically significant differences in 21
AA in the responders while, in the non-responders,
the changes were significant in only 3 AA. 

A very notable finding in our study is that when
we analyze the curves in AA profile changes during
the course of chemotherapy, we observe that the
most significant changes are produced following the
first cycle of chemotherapy, and that this increase
was much more evident in the responder than the
non-responder patients. In the responders, the chan-
ges in the AA levels following the first cycle of che-
motherapy relative to baseline were significant in 20
AA while that in the non-responders these differen-
ces were only significant in 6 AA. In comparing the
responders with the non-responders, statistically sig-
nificant differences between the two sub-groups we-
re observed in a total of 17 AA. 

Based on the above observations, it would appear
that a decrease in the size of the tumor at least in the
types of cancer studied and with the use of chemot-
herapy based on cisplatin, clear changes in the AA
profile are induced, especially following the first cy-
cle. However, our study was not able to demonstrate
whether the reduction or disappearance of the tumor
results in a normalization of the AA that were alte-
red previously. The progressive destruction of tumor
cells with the cytostatic agent produces different
biochemical alterations that set in motion a series of
mechanisms to re-utilize the products of tumor des-
truction. This evidence for this is that these changes
and variations in the serum amino acid profile are
noted in patients in whom the chemotherapy has be-
en effective and, as such, a greater availability of
AA results as a consequence of the destruction of
cellular proteins of the tumor and the decrease in
their synthesis.

Hence, a rapid increase in the levels of circulating
AA following the first cycle of a chemotherapy
scheme can serve as an early predictor of tumor res-
ponse. Further studies with a greater number of pa-

tients including other histological types of tumors
and with other schemes of treatment are needed to
confirm this hypothesis. Serial measurements of se-
rum AA in cancer patients undergoing chemothe-
rapy could provide an early prediction of the proba-
bility off success of the treatment and, conversely, to
modify the therapeutic approach if indices of proba-
ble of failure of the treatment are detected. 
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