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/ABSTRACT

Background. Reduced estimated glomerular filtration rate
(eGFR) has been associated with increased venous thrombo-
embolism (VTE) risk in the general population. VTE incidence
significantly increases in cancer patients, especially those under-
going chemotherapy. Despite the evidence that a substantial
number of cancer patients have unrecognized renal impairment,
as indicated by reduced eGFR in the presence of serum
creatinine levels within the reference value, chemotherapy
dosage is routinely adjusted for serum creatinine values. Among
chemotherapies, platinum-based regimens are associated with
the highest rates of VTE. A cohort study was designed to assess
the value of pretreatment eGFR in the risk prediction of a first
VTE episode in cancer outpatients without previous history of
VTE who were scheduled for platinum-based chemotherapy.

Methods. Serum creatinine and eGFR were evaluated be-
fore the start of standard platinum-based chemotherapy
in a cohort of 322 consecutive patients with primary or

relapsing/recurrent solid cancers, representative of a general
practice population.

Results. Patients who experienced a first VTE episode in
the course of chemotherapy had lower mean eGFR values
compared with patients who remained VTE free. Multivariate
Cox analysis demonstrated that eGFR had an independent
valueforrisk prediction of afirst VTE episode during treatment,
with a 3.15 hazard ratio. Indeed, 14% of patients with reduced
eGFR had VTE over 1-year follow-up compared with 6% of
patients with normal eGFR values.

Conclusion. The results suggest that reductions in eGFR, even
in the presence of normal serum creatinine, are associated
with an increased VTE risk in cancer outpatients undergoing
platinum-based chemotherapy regimens. Determining eGFR
before chemotherapy could represent a simple predictor
of VTE, at no additional cost to health care systems. The
Oncologist 2014;19:562—-567

Implications for Practice: All major society guidelines currently recommend no thromboprophylaxis for chemotherapy-treated
cancer outpatients. Nonetheless, there is a common need to identify risk assessment models that may be predictive of cancer-
associated venous thromboembolism in at-risk patients who might benefit from appropriate prevention measures. In this respect,
the Khorana score correctly assigns patients to the high-risk category; however, clinical decision making remains challenging in
approximately 50% of patients, who fall in the intermediate risk class. Assessment of pretreatment estimated glomerular filtration
rate could represent a simple and cost-effective predictor of venous thromboembolic events, at no additional cost to health care
systems.

INTRODUCTION

Venous thromboembolism (VTE) has an overall incidence rate
of approximately 1.5 per 1,000 person-years in developed
countries [1].This percentage, however, dramatically increases
inolder age and in selected groups of patients, especially those
with cancer, for whom the absolute rate of VTE has been

reported to be as high as 13.9 per 1,000 person-years [2]. Rates
vary greatly by cancer site, age, time from diagnosis, use of
specific antineoplastic agents (cisplatin, bevacizumab) or
supportive care agents (erythropoietin), and comorbidities
as assessed by the Charlson Comorbidity Index score [2, 3].

Correspondence: Patrizia Ferroni, M.D., Ph.D., BioDAT Laboratory, IRCCS San Raffaele Pisana — Research Center, Via di Val Cannuta 247, 00166,
Rome, Italy. Telephone: 39-06-52253733; E-Mail: patrizia.ferroni@sanraffaele.it Received August 28, 2013; accepted for publication February
13, 2014; first published online in The Oncologist Express on April 7, 2014. ©AlphaMed Press 1083-7159/2014/5$20.00/0 http://dx.doi.org/
10.1634/theoncologist.2013-0339

The Oncologist 2014;19:562-567 www.TheOncologist.com ©AlphaMed Press 2014



mailto:patrizia.ferroni@sanraffaele.it
http://dx.doi.org/10.1634/theoncologist.2013-0339
http://dx.doi.org/10.1634/theoncologist.2013-0339
http://www.TheOncologist.com

Ferroni, Guadagni, Laudisi et al.

Recent studies suggested that chronic kidney diseases
(CKD) may be associated with increased VTE risk in the general
population, but conflicting results were reported [4-8]. In
particular, an association between reduced estimated glomer-
ular filtration rate (eGFR) and an increased VTE risk was found
[5, 8], even in the non-CKD range of eGFR [8], although other
studies confirmed this association for only severe eGFR
reductions [7].

Asubstantial number of cancer patients have unrecognized
renal impairment, as indicated by reduced eGFR in the
presence of serum creatinine (SCr) levels within the reference
value [9]. Despite this finding, most oncologists still rely on
SCr when assessing whether chemotherapy dosage adjust-
ment for renal impairment is required. This is the case
for cisplatin, for which indications for safe administration
include normal renal function (SCr levels <1.5 mg/dL).
Nonetheless, cisplatin administration is associated with a
significant vascular toxicity [10] and increased VTE incidence
(3,11, 12].

Based on these considerations, we hypothesized that
reduced eGFR might represent a novel risk factor for VTE
onset in cancer outpatients receiving platinum-based
regimens. Accordingly, a cohort study was designed to
assess the value of pretreatment eGFR in the risk prediction
of afirst VTE episode in cancer outpatients without previous
history of VTE who were scheduled for platinum-based
chemotherapy.

PATIENTS AND METHODS

A cohort of 322 consecutive patients with primary or
relapsing/recurrent solid cancers who were receiving different
standard combinations of platinum-based regimens in the
outpatient department setting of the Medical Oncology Unit of
Tor Vergata Clinical Center in Rome, Italy, was prospectively
followed between January 2007 and December 2012. The
study outcome was defined as the occurrence of a first
symptomatic or asymptomatic VTE episode, either deep
venous thrombosis (DVT) or pulmonary embolism (PE), during
active treatment.

All patients were required to be at the start of a new
chemotherapy regimen (6% neoadjuvant, 38% adjuvant, and
56% metastatic treatments), and 14 patients (4%) received
concurrent radiotherapy. Eligibility criteria included histolog-
ically confirmed diagnosis of malignancy; age >18 years; no
previous VTE; Eastern Cooperative Oncology Group perfor-
mance status (ECOG-PS) 0-2, absolute neutrophil count
=2,000 mm~3, platelet count =100,000 mm™3, hemoglobin
level =9.5 g/dL; bilirubin level =1.5 times the upper limit of
normal (ULN), alanine aminotransferase and aspartate ami-
notransferase =2.5 times the ULN in the absence of liver
metastasis, or =5 times the ULN in the presence of liver
metastasis; and SCr =1.2 mg/dL. Exclusion criteria were
therapeutic doses of any heparin before enrollment or
concomitant treatment with anticoagulant or antiplatelet
drugs. No patient received prophylactic treatment with any
anticoagulant after chemotherapy start. Patients’ character-
istics are summarized in Table 1.

VTE risk was scored according to the model developed by
Khorana et al., taking into account the site of cancer (2 points
for very high-risk stomach, pancreas, or brain cancer; 1 point
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for high-risk lung or kidney cancer; and 0 points for all other
solid cancer sites), platelet count of 350 X 10%/L or more,
leukocyte count above 11 X 10°/L, hemoglobin lower than 10
g/dL and/or use of erythropoiesis-stimulating agents, and
body mass index of 35 kg/m? or more (1 point each) [13].

All patients were regularly seen at their scheduled
chemotherapy visits or at the occurrence of clinically sus-
pected VTE. Clinical data were collected in a computerized
database by two independent oncologists, and patient
management was discussed by an interdisciplinary team
including different residency specialists (oncologists, sur-
geons, pathologists, radiologists, and radiotherapists). No
patient underwent surgery during follow-up, and none were
admitted to the clinic for acute medical illness requiring
thromboprophylaxis. All patients were followed up for a
median period of 9.3 months, during which outcomes
were prospectively recorded. DVT was confirmed by veno-
graphy or color-coded duplex sonography (in proximal DVT
only). Diagnosis of PE was established by spiral computed
tomography displaying one low-attenuation area or several
that partly or completely filled the lumen of an opacified
vessel.

Toxicity was scored according to the World Health
Organization toxicity scale (grade 0—4) [14]. Nephrotoxicity
was evaluated by both SCr and creatinine clearance. In the
case of a creatinine clearance rate lower than 60 mL/minute,
the dosage was reduced by 50% of the planned dose.
Chemotherapy was not infused when creatinine clearance
dropped below 40 mL/minute. Incidence and severity of
adverse effects were evaluated before each chemotherapy
cycle. All patients were included in the final analysis,
regardless of whether their planned treatment was com-
pleted or uncompleted.

The study was performed in accordance with the principles
embodied in the Declaration of Helsinki. All patients provided
written informed consent, which was previously approved by
our institutional ethics committees.

Blood Samples and Laboratory Tests

Blood samples were obtained prior to chemotherapy for all
recruited subjects and stored at —80°C in the facilities of the
interinstitutional multidisciplinary biobank of the Istituto di
Ricovero e Cura a Carattere Scientifico San Raffaele Pisana in
Rome. Serum samples were immediately analyzed for routine
blood chemistry (Accelerator Total Laboratory Automation;
Abbott Laboratories, Abbott Park, IL, http://www.abbott.
com). SCr was measured using a modified kinetic Jaffe reaction
on an ARCHITECT c8000 System (Abbott Laboratories). eGFR
estimation was conducted as a retrospective procedure using
the simplified Modification Diet of Renal Disease study equation:
eGFR (mL/minute per 1.73 m?) = 186 X (SCr) ™% X
(age) %%%% X (0.742 if female) [15]. Renal function was
classified according to the National Kidney Foundation using
these ranges: eGFR >90 mL/minute per 1.73 m? (normal renal
function), eGFR of 60-89 mL/minute per 1.73 m? (mild renal
dysfunction), eGFR of 30-59 mL/minute per 1.73 m?
(moderate renal dysfunction), and eGFR <30 mL/minute
per 1.73 m? (severe renal dysfunction) [16]. Accordingly, the
cutoff value of 90 mL/minute per 1.73 m? was used for
categorization analyses.
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Statistical Analysis

A total of 322 patients entered the study based on the
hypothesis that this approach would detect a difference with
a probability of >95%, at a two-sided 5% significance level, if
the true hazard ratio is 2. This was based on the assumption of
an accrual period of at least 2 years, an elapsed time between
cycles within 30 days, and a median time to event of 2.5
months. Data are presented as percentages, mean * SD, or
median and interquartile range. Differences between percen-
tages were assessed by the y” test. Student’s t test, analysis of
variance test, and Pearson’s correlation analysis were used for
normally distributed variables. Appropriate nonparametric
tests (Mann-Whitney test, Kruskal-Wallis test, and Spearman’s
correlation test) were used for all other variables. Logistic
regression analysis was performed to quantify the relationship
between clinical and biochemical variables. Survival curves
were calculated by the Kaplan-Meier and log-rank methods.
Cox proportional hazards analysis was used to evaluate the
association between clinical variables and time to event (TTE).
TTE was calculated from the date of enrollment until the event
date (any VTE, either DVTor PE) or the study end. For patients
receiving neoadjuvant chemotherapy, follow-up was stopped
at completion of an entire antiblastic treatment and before
surgery. All tests were two-tailed, and only p values <.05
were regarded as statistically significant. Calculations were
performed using a computer software package (Statistica
8.0; StatSoft, Tulsa, OK, http://www.statsoft.com) or free
Web-based applications Interactive Statistical Pages http://
statpages.org/).

RESULTS

In January 2007, the Medical Oncology Unit of the Tor Vergata
Clinical Center started recruiting ambulatory patients with
primary or relapsing/recurrent solid cancers who were
prospectively followed under the appropriate institutional
ethics approvals to investigate possible predictors of cancer-
associated VTE. As of December 31, 2012, a total of 655
consecutive eligible patients had been enrolled. Of these, 344
patients were at the start of a new platinum-based che-
motherapy regimen. Sixteen patients (4.7%) had a baseline
SCr >1.2 mg/dL, and 6 patients (1.7%) withdrew informed
consent, leaving a total of 322 participants for the final
analyses.

Mean pretreatment SCrand eGFR of the recruited patients
are reported in Table 1. Of interest is that patients who
experienced a first VTE episode in the course of chemotherapy
had lower mean eGFR values (86 * 20 mL/minute per 1.73m?)
compared with patients who remained VTE free (96 == 23 mL/
minute per 1.73 m?; p = .031) (Fig. 1). Renal function was
classified according to the National Kidney Foundation. Fifty-
eight percent of patients had normal renal function, as
demonstrated by an eGFR >90 mlL/minute per 1.73 m?,
whereas 37% of patients had mild renal dysfunction (eGFR of
60-89 mL/minute per 1.73 m?). Only 5% of cases had moderate
impairment of kidney functionality and an eGFR <60 mL/
minuteper1.73 m?, suggestingthe presence of stage 3 CKD. No
patient had stage 4 CKD (eGFR <30 mL/minute per 1.73 m?).

Kidney toxicity occurred in seven patients (2%), three of
whom (1.6%) had normal kidney function (by both baseline SCr
and eGFR), three of whom (2.5%) had mild renal dysfunction
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Table 1. Patient characteristics

Normal eGFR  Impaired eGFR
Characteristic (n = 186) (n = 136)
Age, years, mean = SD 59 =11 64 £ 10
Range 24-79 35-81
Sex, n (%)
Males 125 (67) 54 (40)
Females 61 (33) 82 (60)
Body mass index, 254 26 £ 4
mean = SD
ECOG-PS, n (%)
0 156 (84) 116 (85)
1 29 (15) 19 (14)
2 1(1) 1(1)
Primary tumor, n (%)
Gastrointestinal 80 (43) 65 (48)
Lung 62 (33) 35 (26)
Genitourinary 17 (9) 21 (15)
Breast 11 (6) 11 (8)
Head-neck 16 (9) 4(3)
Class of risk?, n (%)
Low 71 (38) 49 (36)
Intermediate 102 (55) 75 (55)
High 13 (7) 12 (9)
Distant metastasis, n (%)
No 88 (47) 62 (46)
Yes 98 (53) 74 (54)
Platinum-based regimen
combination, n (%)
Fluoropyrimidine 64 (34) 54 (40)
Gemcitabine 34 (18) 26 (19)
Pemetrexed 24 (13) 13 (10)
Taxotere 12 (6) 15(11)
Anthracycline 9(5) 13 (10)
Bevacizumab 9(5) 7 (5)
Herceptin 8 (4) 5(4)
Supportive drugs, n (%)
Erythropoietin 3(2) 5 (4)
stimulating agents
Prophylactic myeloid 9 (5) 7 (5)
growth factors
Corticosteroids 49 (26) 26 (19)
Venous thromboembolism, 9 (5) 16 (12)
n (%)
Time to event, months, 5.7 (2.5-7.6) 3.3(1.4-4.8)
median (IQR)
Bilirubin, mg/dL, 0.56 = 0.37 0.52 £ 0.31
mean = SD
Creatinine, mg/dL, 0.73 =0.11 0.92 = 0.15
mean * SD
eGFR, mL/min/1.73 m?, 110 + 19 76 *+ 10

mean = SD

Class of risk for venous thromboembolism was classified according to

Khorana et al. [13].

Abbreviations: ECOG-PS, Eastern Cooperative Oncology Group
performance status; eGFR, estimated glomerular filtration rate; IQR,

interquartile range.
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Figure 1. Box-plot analysis of pretreatment eGFR distribution.
Comparison of cancer patients who experienced a first episode of
venous thromboembolism during platinum-based chemotherapy
and those who did not. Data are presented as mean values (solid
lines), standard errors (columns), and standard deviations
(whiskers). Open circles indicate outliers.

Abbreviation: eGFR, estimated glomerular filtration rate.

(one male with SCr of 1.2 mg/dL and eGFR of 64.3 mL/minute
per 1.73 m?, one female with SCr of 0.75 mg/dL and eGFR
of 80.3 mL/minute per 1.73 mz, and one male with SCr of
1.1 mg/dL and eGFR of 71.3 mL/minute per 1.73 m?), and one
female patient (6.7%) who had moderate renal dysfunction
(SCr of 1.0 mg/dL and eGFR of 55.4 mL/minute/1.73 m?).
However, the small number of toxic events recorded did not
allow any association analysis between renal function measured
by eGFR and incidence of toxicity. No patient required platinum-
dose modification at baseline secondary to renal insufficiency,
whereas four patients had a dose reduction of 50% and
one patient had a dose reduction of 25% of full dosage be-
cause of the development of kidney toxicity during treatment.

VTE occurred during chemotherapy in 8% of patients (10
with PE and 17 with DVT; median TTE: 3.5 months). Nine of
23 patients were diagnosed with incidental VTE (seven with
PE) at time of restaging during treatment. Sixteen of 136
patients (11.8%, 15 with mild and 1 with moderate renal
dysfunction) with impaired eGFR (<90 mL/minute per 1.73 m?)
had VTE during the course of chemotherapy compared with
4.8% (9 of 186) with normal kidney function (two-tailed
Fisher’s exact test, p = .033). No VTE events were recorded
in the seven patients who developed kidney toxicity during
treatment.

To further assess the possible determinants of VTE among
clinical-pathological variables and eGFR, a logistic regression
analysis was performed including, as predictor variables, age,
gender, site of primary tumor, presence of metastasis, ECOG-
PS, class of risk according to Khorana et al. [13], anticancer and
supportive drugs used, and eGFR (Table 2). The latter was
categorized as normal or impaired according to the cutoff of
90 mL/minute per 1.73 m? The results obtained showed that
a reduction of eGFR (odds ratio: 3.44; p = .015) was the only
independent predictor of VTE during platinum-based chemo-
therapy. When the same variables were included in a multi-
variate Cox proportional-hazards regression model, only eGFR
retained an independent value for risk prediction of a first

www.TheOncologist.com

565
Table 2. Multivariate logistic regression analysis of the
predictive value of clinical-pathological variables and
estimated glomerular filtration rate on venous
thromboembolism occurrence
Variable OR (95% Cl) p value
Gender 1.26 (0.48-3.36) .636
Age?® 0.97 (0.38-2.46) .944
Site of primary tumor 1.63 (0.94-2.82) .082
Metastasis 1.32 (0.49-3.55) .589
ECOG-PS 1.72 (0.65-4.52) 272
Class of risk? 2.42 (0.91-6.48) .077
eGFR® 3.44 (1.27-9.34) .015
Prophylactic G-CSF 1.18 (0.19-7.37) .858
Corticosteroids 1.50 (0.48-4.66) .488
Fluoropyrimidine 2.27 (0.36-14.3) .382
Anthracycline 0.33 (0.04-2.60) .293
Taxotere 0.25 (0.04-1.50) .128
Bevacizumab 1.00 (0.10-9.87) .999
Gemcitabine 0.51(0.14-1.82) .297
Pemetrexed 0.11 (0.01-1.14) .065
Herceptin 0.00 .998

Significant associations are highlighted in bold.

@Age was coded as 0 or 1 if the patient was <65 years or >65 years,
respectively.

BClass of risk for venous thromboembolism was categorized as low,
intermediate, and high risk according to Khorana et al. [13].
“Estimated glomerular filtration rate was categorized as normal or
impaired based on the cutoff of 90 mL/min per 1.73 m?.
Abbreviations: Cl, confidence interval; ECOG-PS, Eastern Cooperative
Oncology Group performance status; eGFR, estimated glomerular
filtration rate; G-CSF, granulocyte colony-stimulating factor; OR, odds
ratio.

VTE episode during treatment (hazard ratio: 3.15 [95%
confidence interval: 1.22-8.14]; p = .018].

Figure 2 reports the Kaplan-Meier curves for patients
stratified on the basis of pretreatment eGFR values. As shown,
patients with reduced eGFR had an 86% VTE-free survival rate
during 1-year follow-up (median TTE: 3.3 months), compared
with 94% of patients with normal renal function (median TTE:
5.7 months).

DIScUSSION

The possibility that reduced eGFR may have a predictive value
for VTE in the general population has been raised recently
[5, 8]. In this paper, for the first time to our knowledge, we
demonstrate that reduced eGFR values are associated with an
increased VTE risk in patients undergoing platinum-based
chemotherapy regimens, suggesting that eGFR assessment
priortotreatment may help in VTE risk stratification. The use of
a general screening strategy is appealing because it could
provide the opportunity for prophylactic treatment, reducing
the event rates in at-risk cancer patients [17, 18]. In this
context, the availability of a predictive variable such as eGFR is
captivating. In contrast to the majority of the prothrombotic
markers that have been proposed in recent years [19-24],
eGFR determination does not require second-level test-
performing laboratories and/or skilled personnel; it is reliably
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Figure 2. Kaplan-Meier analysis of VTE-free survival rates.
Comparison is of VTE-free survival time of cancer patients
categorized on the basis of eGFR prior to chemotherapy start.

Abbreviations: eGFR, estimated glomerular filtration rate;
TTE, time to event; VTE, venous thromboembolism.

evaluated by routine tests. It necessitates only SCr de-
termination, which is mandatory before chemotherapy start,
and does not represent an adjunctive cost for the health care
systems.

Chemotherapy-related kidney toxicity was more frequent
in patients with reduced eGFR values, even in the presence of
SCr levels within the normal range. Nephrotoxicity rates
increased from 2% in patients with normal kidney function to
approximately 7% in patients with moderate renal dysfunc-
tion. Although the difference was not significant, possibly
because of the low number of toxic events, this observation
is in agreement with recent findings suggesting that the
presence of unrecognized renal impairment could be re-
sponsible for chemotherapy-associated adverse effects [9] and
highlights the significance of eGFR assessment before the
initiation of anticancer therapy.

Among anticancer drugs, platinum-based compounds are
characterized not only by a dose-related and cumulative
nephrotoxicity but also by significant vascular toxicity [10]
and increased VTE incidence [3, 11, 12], possibly related to
cisplatin-induced generation of reactive oxygen species and
failure of the antioxidant defense mechanism against oxidative
damage. It is conceivable to hypothesize that the administra-
tion of platinum compounds further contributes to a vicious
cycle of oxidative stress and vascular dysfunction that is
already instituted in patients with impaired renal function and
that ultimately leads to an increased risk of VTE; however, this
hypothesis is merely speculative. Studies specifically designed
to address this issue are required.

Some limitations must be acknowledged. First, eGFR
estimation was conducted as a retrospective procedure;
however, all eligible consecutive patients within the desig-
nated time frame were included, and all measurements were
performed while blinded to the patient outcome. Moreover,
recruitment was performed at a single institution, which might
have posed further limitations because the primary and most
obvious shortcoming of single-center studies is their poten-
tially limited external validity. A final issue is the relatively small
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sample size, ultimately leading to a small number of recorded
events.

Presently, all major society guidelines recommend no
thromboprophylaxis for cancer outpatients treated with
chemotherapy. Nonetheless, there is increasing awareness
that the use of appropriate prevention measures in high-risk
cancer patients with VTE risk factors could provide animportant
opportunity to substantially improve time-delivery chemo-
therapy and quality of life, decreasing morbidity, mortality, and
use of health care resources. We are witnessing a sustained
search for the identification of risk assessment models that may
be predictive of cancer-associated VTE, at least in selected
patient populations. In this respect, the Khorana score [13]
correctly assigns patients to the high-risk category, in whom,
according to the latest guidelines issued by the American
Society for Clinical Oncology, “clinicians may consider [low-
molecular-weight heparin] prophylaxis on a case-by-case basis”
after discussing with the patient “benefits and harms as well as
dose and duration of prophylaxis in this setting” [25]. However,
the Khorana score [13] fails to classify approximately 50% of
patients (intermediate risk), for whom clinical decision making
remains challenging. Expanded risk-scoring models have been
proposed recently, in which points were added based either on
laboratory tests [20] or administered drugs [26]. Although an
expansion of the score did not fall within the aims of our study,
the results reported demonstrate that reduced eGFR is
associated with an increased VTE risk in ambulatory cancer
patients undergoing platinum-based chemotherapy regimens
and might be used as an adjunctive criterion for the definition
of the risk class of an individual patient.

CONCLUSION

Pretreatment eGFR could representasimple and cost-effective
predictor of venous thromboembolic events, at no additional
cost to health care systems. Future multicenter prospective
studies specifically designed to address the issue of whether
reduced kidney function could represent a VTE predictorin the
course of platinum-based chemotherapy regimens will help to
improve our knowledge on treatment-associated risks and
their impact on patients’ quality of life.
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Implications for Practice:

This large observational study of unselected patients receiving cancer chemotherapy demonstrates considerably greater
rates of venous thromboembolism (VTE) than commonly reported in patients accrued to clinical trials. The risk of VTE
appears to increase progressively over the year following initiation of treatment. Cancer patients developing VTE also
experience a greater risk of major bleeding and greater health care costs than patients without VTE. Patients considered at
high risk for VTE should be considered for thromboprophylaxis after assessing the balance of potential benefits and harms.
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