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BACKGROUND: Survival after surgical resection for pancreatic cancer remains poor. A subgroup of patients die early (<6 months),

and understanding factors associated with early mortality may help to identify high-risk patients. The Khorana score has been shown

to be associated with early mortality for patients with solid tumors. In the current study, the authors evaluated the role of this score

and other prognostic variables in this setting. METHODS: The current study was a cohort study of patients who underwent surgical

resection for pancreatic cancer from January 2006 through June 2013. Baseline (diagnosis 630 days) parameters were used to

define patients as high risk (Khorana score �3). Statistically significant univariable associations and a priori prognostic variables were

tested in multivariable models; adjusted hazard ratios (HR) were calculated. RESULTS: The study population comprised 334 patients.

The median age was 67 years, 50% of the study population was female, and 86% of the patients were white. The pancreatic head was

the primary tumor site for 73% of patients; 67% of tumors were T3 and 63% were N1. The median Khorana score was 2; 152 patients

(47%) were determined to be high risk. Adjunctive treatment included chemotherapy (70%) and radiotherapy (40%). The postopera-

tive (30-day) mortality rate was 0.9%. The 6-month mortality rate for the entire cohort was 9.4%, with significantly higher rates

observed for high-risk patients (13.4% vs 5.6%; P 5.02). On multivariable analyses (examining a total of 326 patients), the Khorana

score (HR for high risk, 2.31; P 5.039) and elevated blood urea nitrogen (HR, 4.34; P<.001) were associated with early mortality.

CONCLUSIONS: Patients at high risk of early mortality after surgical resection of pancreatic adenocarcinoma can be identified using

simple baseline clinical and laboratory parameters. Future studies should address preoperative interventions in these patients at high

risk of early mortality. Cancer 2015;000:000-000. VC 2015 American Cancer Society.
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INTRODUCTION
Despites advances in the understanding of the pathogenesis of pancreatic adenocarcinoma, outcome after treatment
remains poor. Even when it presents as early, resectable disease, the median overall survival after surgery and adju-
vant therapy is <2 years.1,2 Although perioperative mortality has improved considerably (currently <1% at 30
days), a subgroup of patients experience disease recurrence early (within 6 months).3 These patients may not benefit
from the current standard of care but to our knowledge little is known regarding how best to identify such patients
at high risk of early mortality. Surgical resection margin has been shown to be associated with survival outcomes,4

although there are some contradictory reports owing to nonstandardized pathologic margin assessment.5,6 CA 19-9
is another marker reported to have varying associations with survival.7,8 Of possible baseline clinical parameters, a
high body mass index (BMI) has been shown to be associated with inferior outcomes after the development of pan-
creatic cancer.9 A venous thromboembolism risk score, the Khorana score, also has been shown to be associated
with early mortality in patients with solid tumors,10 but has not been tested specifically in individuals with pancre-
atic cancer. The score comprises simple baseline clinical parameters and allows for the early risk stratification for
patients with various malignancies (Table 1). We evaluated this score as well as other demographic and clinical
parameters in relation to early mortality in patients undergoing potentially curative surgical resection of pancreatic
adenocarcinoma.
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MATERIALS AND METHODS
We conducted a retrospective cohort study of consecutive
patients who underwent surgical resection of pancreatic
adenocarcinoma from January 2006 through June 2013
who were followed at the Cleveland Clinic. Data regard-
ing demographic, clinical, pathologic, and laboratory vari-
ables were extracted from electronic medical charts. These
included age, sex, race, marital status, tobacco and alcohol
use status, height, weight, calculated BMI, serum hemo-
globin, white blood cell count, platelet count, blood urea
nitrogen (BUN), creatinine, calcium, protein, albumin,
aspartate aminotransferase, alanine aminotransferase, bili-
rubin, alkaline phosphatase, CA 19-9, pathologic descrip-
tors (including location, histology, T classification,
N classification, M classification, and surgical resection
margin), details regarding therapy including chemother-
apy and radiotherapy use, and timelines (including dates
of diagnosis, surgical resection, last follow-up, and death,
if applicable). For serial clinical and laboratory data, val-
ues closest to the date of the definitive diagnosis of pancre-
atic adenocarcinoma were chosen; all values selected for
the final data set were within 630 days of the diagnosis.

The Khorana score was calculated as reported previ-
ously and is summarized in Table 1.10 A high-risk score
was defined as a score �3. Postoperative mortality was
defined as death within 30 days from the date of surgical
resection of pancreatic adenocarcinoma. Early mortality
was interpreted as death within 180 days (6 months) from
the date of a definitive diagnosis of pancreatic adenocarci-
noma. For analysis of early mortality, we censored
patients who were lost to follow-up before 180 days from
diagnosis and those alive >180 days from diagnosis. For
analysis of overall survival, we censored patients who were
alive at the date of last follow-up.

Descriptive results were provided using median
(range) and percentage values. Survival analyses were per-
formed using the Kaplan-Meier method. Hazard ratios
(HR) for univariable and multivariable models of predic-
tors were calculated using Cox regression; 95% confi-
dence intervals (95% CIs) and 2-sided P values are
presented. For continuous laboratory variables found to
be significant on univariable tests, standard laboratory
cutoff values at the study institution were used to catego-
rize these variables into normal and elevated for the multi-
variable models. The final models were constructed using
a stepdown approach. Data regarding CA 19-9 were miss-
ing for 87 patients. Therefore, CA 19-9 values were not
included in the multivariable models. Study data were col-
lected and managed using Research Electronic Data Cap-
ture (REDCap) tools hosted at Cleveland Clinic.11 All

analyses were performed using SAS statistical software
(version 9.3; SAS Institute Inc, Cary, NC). The study was
approved by the Institutional Review Board of the Cleve-
land Clinic.

RESULTS

Baseline Characteristics

The study population comprised 334 patients. Baseline
demographic and clinical characteristics are shown in
Table 2. The median age of the patients was 67 years,
50% of the patients were female, and 86% were white.
The pancreatic head was the primary tumor site for 73%
of patients. Pathologic staging was T3 for 225 cases
(67%) and N1 for 211 cases (63%). An R0 surgical resec-
tion was achieved in 217 patients (65%). The median
Khorana score was 2; 152 patients (46%) were deter-
mined to have a high-risk score. Comorbidities were pres-
ent in 196 patients (59%). Adjuvant treatment included
chemotherapy (approximately 70% of patients) and
radiotherapy (approximately 40% of patients). Eighteen
patients (5%) received preoperative radiotherapy for
borderline resectable disease. Khorana score values were
derived from baseline variables; 8 patients had data miss-
ing regarding �1 component variables, thereby preclud-
ing a score calculation. The median baseline CA 19-9
level was 80 U/mL (range, 0-9343 U/mL).

Survival Outcomes

With a median follow-up of 39.4 months for all 334
patients, there were 205 deaths reported in the study
cohort (61%). The median overall survival was 21.3
months. The actual overall survival rates at 1, 2, 3, and 5
years were 84%, 68%, 59%, and 28%, respectively. There
were 3 deaths (0.9%) occurring within 30 days of surgical
resection of the pancreatic cancer. At 180 days after
diagnosis, there were 29 deaths (8.7%).

TABLE 1. Khorana Score

Characteristic Score Points

Site of cancer

Very high risk (pancreas, stomach) 2

High risk (lung, gynecologic, bladder,

testicular, lymphoma)

1

Baseline hemoglobin <10 g/dL 1

Baseline white blood cell count >11,000/mm3 1

Baseline platelet count �350,000/mm3 1

Body mass index �35 kg/m2 1

Add all score points above for a total score

Total Points Score Category

0 Low

1-2 Intermediate

�3 High

Original Article

2 Cancer Month 00, 2015



On univariable analyses, 6-month mortality was
found to be statistically significantly associated with he-
moglobin (HR per unit increase, 0.76; 95% CI, 0.63-
0.92 [P 5 .005]), BUN (HR per unit increase, 1.05; 95%
CI, 1.02-1.07 [P<.001]), continuous Khorana score (HR
per unit increase, 1.53; 95% CI, 1.11-2.10 [P 5 .009]),
and high-risk Khorana score category (HR, 2.49; 95%
CI, 1.13-5.51 [P 5 .02]). Other key variables, including
pathologic TNM staging, were not found to be associated
with 6-month mortality. Accounting for correlations
between hemoglobin and the Khorana score, in the final
multivariable model (total was 326 patients due to miss-
ing data concerning some Khorana score components),
Khorana score category and elevated BUN (>25 mg/dL)
were found to be statistically significantly associated with
6-month mortality (Table 3) (Fig. 1).

For overall mortality, univariable analyses demon-
strated statistically significant associations with BUN (HR
per unit increase, 1.02; P 5 .008), creatinine (HR per
unit increase, 1.33; P 5 .003), bilirubin (HR per unit
increase, 1.03; P 5 .024), and positive resection margin
(HR vs negative margin, 1.45; P 5 .013). Using labora-
tory cutoff values and factoring for correlation between

BUN and creatinine, a final multivariable model included
surgical resection margin, elevated BUN at baseline, and
elevated bilirubin at baseline as factors associated with
overall survival (Table 4).

DISCUSSION
In the current cohort study, we identified a simple set of
baseline parameters that may help to identify patients at
high risk of early mortality after surgical resection of pan-
creatic adenocarcinoma. These parameters are collected
routinely among all patients undergoing clinical care for
pancreatic cancer, allowing for easy targeting of high-risk
patients for specific interventions aimed at improving
clinical outcomes.

There are limited and varying data regarding a defi-
nition of early mortality in patients with pancreatic can-
cer.12-14 We focused on the 6-month mark because it
allows for the capture of physiologic and pathologic

TABLE 2. Baseline Demographic and Clinical
Characteristics of the Study Population (N5334)a

Characteristic Value

Age, y 67 (35-88)

Male sex 168 (50%)

White race 287 (86%)

Current or prior smoker 204 (61%)

Current or prior alcohol use 145 (43%)

Pancreatic head tumor 244 (73%)

pT3 tumor 225 (67%)

pN1 tumor 211 (63%)

R0 surgical resection 217 (65%)

Adjunctive chemotherapy 241 (72%)

Adjunctive radiotherapy 136 (41%)

Body mass index, kg/m2 26.4 (11.3-69.5)

Hemoglobin, g/dL 12.3 (6.3-16.2)

White blood cell count, 31000/mm3 7.7 (3.2-22)

Platelet count, 31000/mm3 282 (60-1460)

Blood urea nitrogen, mg/dL 14 (1-83)

Creatinine, mg/dL 0.8 (0.3-8)

Total protein, g/dL 6.7 (2.6-8.4)

Albumin, g/dL 3.8 (1.5-4.9)

Total bilirubin, mg/dL 0.8 (0.1-26.8)

Alkaline phosphatase, U/L 141 (27-2313)

No comorbidities 138 (41%)

1 comorbidity 39 (12%)

�2 comorbidities 157 (47%)

Khorana score 2 (2-6)b

Khorana score, high 152 (46%)b

a Continuous variables are presented as the median (range) and discrete

variables are presented as the number (%).
b Khorana score values were missing for 8 patients due to missing values

on component variables. Figure 1. (Top) Early (6-month) mortality by baseline Khor-
ana score in 326 patients. Data regarding 8 patients were
excluded due to missing values. Note that the y-axis was
modified for visualization. (Bottom) Early (6-month) mortal-
ity by baseline blood urea nitrogen level in 329 patients. Data
regarding 5 patients were excluded due to missing values.
Note that the y-axis was modified for visualization.
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characteristics that render our current therapeutic
approaches largely ineffective because most patients at the
6-month mark are still receiving or have only recently
completed curative-intent therapy. The predictors identi-
fied in the current study reflect the pathologic process as
well as the individual’s physiologic response to that pro-
cess. Elevated BUN as observed in the current study as a
prognostic factor for early mortality is a novel finding in
patients with resectable pancreatic cancer. A study among
patients with all stages of pancreatic cancer demonstrated
that elevated BUN was associated with increased mortality
in a final multivariable model, although not in the uni-
variable analyses.15 Elevated BUN has also been associated
with worse prognosis in patients with non-small cell lung
cancer,16 and advanced malignancies in patients receiving
palliative care.17,18 In one study from Japan, a low BUN
(<8 mg/dL) was found to be associated with higher 30-
day mortality after pancreatoduodenectomy, although
indications for surgery in the study population included
various cancers as well as nonmalignant lesions.19 It is
unlikely that elevated BUN in the patient population in
the current study was an indicator of major renal dysfunc-
tion. There were only 13 patients (4%) with a known
diagnosis of chronic kidney disease, compared with 25
patients (7.5%) with elevated BUN. The results of the
current analysis indicated that subtle baseline elevations in
BUN may indicate subclinical renal dysfunction or a sur-
rogate for other comorbidities that may be associated with
poorer overall prognosis.

Anemia is well known as an adverse prognostic fac-
tor in general; low hemoglobin at baseline has been associ-
ated with inferior clinical outcomes in patients with
various malignancies.20-24 The results of the current study
add to this literature in pancreatic cancer. Leukocytosis
and thrombocytosis are likely reflective of aggressive
disease biology or even micrometastatic disease eliciting
a physiologic response. Cancer-related inflammation is
a well-described phenomenon,25-27 and elevated white

blood cell and platelet counts are established markers of
inflammation. Studies in colorectal,24 endometrial,28

anal,29 cervical,30 and non-small cell lung31 cancers using
definitions of abnormal blood counts similar to those in
the current study have demonstrated that these variables
are adverse prognostic factors. To the best of our knowl-
edge, there are limited similar data in patients with pan-
creatic cancer. A study of 4945 patients undergoing
pancreatoduodenectomy demonstrated that leukocytosis
was associated with increased perioperative morbidity but
there was no association noted with perioperative mortal-
ity.32 Another study indicated that preoperative thrombo-
cytosis is associated with poorer disease-free survival in
patients with pancreatic cancer who are undergoing surgi-
cal resection.33 These studies have slightly varying results
depending on the individual relationship of anemia, leu-
kocytosis, and thrombocytosis with clinical outcomes, as
well as the exact definition of each criterion; the Khorana
score has the advantage of capturing all these variables
into a universal model that can be replicated easily across
studies.

Findings related to BMI are noteworthy. Although,
similar to anemia, a high BMI is associated with adverse
clinical outcomes in a variety of settings, a peridiagnostic
BMI in patients with cancer may be falsely low due to a
majority of patients experiencing cancer-induced weight
loss. In a study similar to the current one of patients who
underwent surgical resection of pancreatic cancer, a base-
line BMI >35 kg/m2 was associated with decreased
disease-free and overall survival.34 A large population-
based study established that an elevated prediagnostic
BMI (using 35 kg/m2 as the cutoff definition, identical to
the current study) is associated with decreased survival af-
ter a diagnosis of pancreatic adenocarcinoma. This associ-
ation was found to be strongest between BMI values
collected 18 to 20 years before diagnosis.9 Similar results
were observed in a large case-control study that demon-
strated a higher incidence of and lower overall survival

TABLE 3. Multivariable Model for Early (6-Month)
Mortality (N5326)a

Variable HR (95% CI) P

High-risk Khorana

score (vs intermediate)

2.32 (1.04-5.13) .039

Elevated blood urea

nitrogen (>25 mg/dL

vs �25 mg/dL)

4.34 (1.84-10.25) <.001

Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio.
a Determined using stepwise removal of nonstatistically significant variables,

including hemoglobin.

TABLE 4. Multivariable Model for Overall Mortality
(N5316)a

Variable HR (95% CI) P

Positive surgical resection

margin (vs negative)

1.57 (1.17-2.11) .003

Elevated blood urea nitrogen

(>25 mg/dL vs �25 mg/dL)

2.29 (1.40-3.73) <.001

Elevated bilirubin

(>1.5 mg/dL vs �1.5 mg/dL)

1.57 (1.17-2.12) .003

Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio.
a Determined using stepwise removal of nonstatistically significant variables,

including creatinine and Khorana score.
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from pancreatic cancer in individuals with a high BMI
several years before diagnosis.35 In another study, a
decrease in BMI due to cancer-associated weight loss dur-
ing follow-up was associated with poorer overall sur-
vival.36 This is further highlighted by a study in patients
with pancreatic cancer that demonstrated a trend toward
inferior overall survival in patients with high BMI, despite
an improved median survival in such patients, indicating
a time-dependent association.37 However, in another
study of patients with advanced pancreatic cancer,
increased BMI was associated with poorer overall sur-
vival.38 In the current study, baseline BMI was not associ-
ated with either early mortality or overall survival.
Therefore, the role of BMI as a prognostic factor may be
affected by the timing of BMI measurement, stage of dis-
ease at the time of diagnosis, and comorbidities. Because
the Khorana score incorporates BMI, it is likely that any
effect will be captured in our model.

For overall survival, adverse prognostic factors were
surgical resection margin status and elevated BUN or bili-
rubin at baseline. The surgical resection margin is most
likely associated with inferior long-term outcomes,
although data are controversial.4-6 A possible reason for
these discrepant findings is that the surgical resection mar-
gin status is an amalgam of various factors, such as patient
selection for surgery, surgical volume and technique of
pathologic assessment, disease biology, and the effect of
any preoperative chemotherapy or radiotherapy. None-
theless, it is to be noted that surgical resection margin sta-
tus was not associated with early mortality, which is more
likely related to patient factors, but was found to be associ-
ated with overall survival, which is likely related to tumor
as well as patient factors. Elevated BUN and bilirubin
likely reflect subclinical organ dysfunction or serve as sur-
rogates for other comorbid conditions, such as cardiac
disease.

The current study certainly has some limitations. It
is a retrospective analysis and patient selection bias and
missing data are potential problems. To minimize these
issues, we focused on patients with adequate follow-up at
the study institution. CA 19-9 level, a useful prognostic
factor in patients with pancreatic cancer, was missing for
several patients, thereby limiting our ability to factor it
into final analyses. Another limitation is that some
patients had received preoperative cancer-directed ther-
apy, making it a somewhat heterogeneous population. In
addition, treatment approaches for resectable and border-
line resectable pancreatic cancer continue to evolve, with
more focus on preoperative therapies, whereas the current
study cohort had only a small minority of patients

receiving such therapies. Nonetheless, chemotherapy and
radiotherapy were not found to be associated with early
mortality, and the final model was applicable across the
study population, making it a robust finding.

The results of the current study demonstrate that a
simple set of parameters available on every patient under-
going routine clinical care may help to identify patients at
high risk of early mortality from resectable pancreatic ade-
nocarcinoma. With a growing trend toward preoperative
therapies for resectable and borderline resectable pancre-
atic cancer at the study institution as well as others, there
is an opportunity for prospective studies focusing on this
subgroup of high-risk patients to validate these findings.
Calculation of this score at baseline may be used to stratify
patients, and ultimately may be used to select high-risk
patients for more aggressive therapies in prospective stud-
ies. At our multidisciplinary pancreatobiliary tumor
board, there is growing emphasis on preoperative variables
in addition to standard pathologic variables, and future
interventional studies are planned to incorporate these
findings for prospective validation. Furthermore, the data
from the current study suggest a need to attempt to better
understand the relation between urea and bilirubin with
outcome, because interventions to optimize these varia-
bles may be possible and could allow for the modification
of outcomes.

FUNDING SUPPORT
Completely funded by internal funds of the Cleveland Clinic.

CONFLICT OF INTEREST DISCLOSURES
Dr. Khorana has received personal fees from Leo Pharma, Pfizer,
Boehringer Ingelheim, Janssen, Genentech, Halozyme Therapeu-
tics, and AngioDynamics for work performed outside of the current
study.

REFERENCES
1. Oettle H, Neuhaus P, Hochhaus A, et al. Adjuvant chemotherapy

with gemcitabine and long-term outcomes among patients with
resected pancreatic cancer: the CONKO-001 randomized trial.
JAMA. 2013;310:1473-1481.

2. Liao WC, Chien KL, Lin YL, et al. Adjuvant treatments for resected
pancreatic adenocarcinoma: a systematic review and network meta-
analysis. Lancet Oncol. 2013;14:1095-1103.

3. Winter JM, Cameron JL, Campbell KA, et al. 1423 pancreaticoduo-
denectomies for pancreatic cancer: a single-institution experience.
J Gastrointest Surg. 2006;10:1199-1210; discussion 1210-1211.

4. Mathur A, Ross SB, Luberice K, et al. Margin status impacts survival
after pancreaticoduodenectomy but negative margins should not be
pursued. Am Surg. 2014;80:353-360.

5. Butturini G, Stocken DD, Wente MN, et al; Pancreatic Cancer
Meta-Analysis Group. Influence of resection margins and treatment
on survival in patients with pancreatic cancer: meta-analysis of
randomized controlled trials. Arch Surg. 2008;143:75-83; discussion
83.

Early Mortality in Resectable Pancreatic Ca/Sohal et al

Cancer Month 00, 2015 5



6. Sugiura T, Uesaka K, Mihara K, et al. Margin status, recurrence pat-
tern, and prognosis after resection of pancreatic cancer. Surgery.
2013;154:1078-1086.

7. Hartwig W, Strobel O, Hinz U, et al. CA19-9 in potentially resecta-
ble pancreatic cancer: perspective to adjust surgical and perioperative
therapy. Ann Surg Oncol. 2013;20:2188-2196.

8. Ferrone CR, Finkelstein DM, Thayer SP, Muzikansky A,
Fernandez-delCastillo C, Warshaw AL. Perioperative CA19-9 levels
can predict stage and survival in patients with resectable pancreatic
adenocarcinoma. J Clin Oncol. 2006;24:2897-2902.

9. Yuan C, Bao Y, Wu C, et al. Prediagnostic body mass index and
pancreatic cancer survival. J Clin Oncol. 2013;31:4229-4234.

10. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW.
Development and validation of a predictive model for
chemotherapy-associated thrombosis. Blood. 2008;111:4902-4907.

11. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)–a metadata-driven meth-
odology and workflow process for providing translational research
informatics support. J Biomed Inform. 2009;42:377-381.

12. Hsu CC, Wolfgang CL, Laheru DA, et al. Early mortality risk score:
identification of poor outcomes following upfront surgery for resect-
able pancreatic cancer. J Gastrointest Surg. 2012;16:753-761.

13. Clark W, Silva M, Donn N, et al. Targeting early deaths following
pancreaticoduodenectomy to improve survival. J Gastrointest Surg.
2012;16:1869-1874.

14. Siddiqui A, Heinzerling J, Livingston EH, Huerta S. Predictors of
early mortality in veteran patients with pancreatic cancer. Am J Surg.
2007;194:362-366.

15. Zhang DX, Dai YD, Yuan SX, Tao L. Prognostic factors in patients
with pancreatic cancer. Exp Ther Med. 2012;3:423-432.

16. Zhang K, Lai Y, Axelrod R, et al. Modeling the overall survival of
patients with advanced-stage non-small cell lung cancer using data of
routine laboratory tests. Int J Cancer. 2015;136:382-391.

17. Gwilliam B, Keeley V, Todd C, et al. Development of prognosis in
palliative care study (PiPS) predictor models to improve prognostication
in advanced cancer: prospective cohort study. BMJ. 2011;343:d4920.

18. Durand JP, Mir O, Coriat R, Cessot A, Pourchet S, Goldwasser F.
Validation of the Cochin Risk Index Score (CRIS) for life expect-
ancy prediction in terminally ill cancer patients. Support Care Cancer.
2012;20:857-864.

19. Kimura W, Miyata H, Gotoh M, et al. A pancreaticoduodenectomy
risk model derived from 8575 cases from a national single-race pop-
ulation (Japanese) using a web-based data entry system: the 30-day
and in-hospital mortality rates for pancreaticoduodenectomy. Ann
Surg. 2014;259:773-780.

20. Di Maio M, Pisano C, Tambaro R, et al. The prognostic role of
pre-chemotherapy hemoglobin level in patients with ovarian cancer.
Front Biosci. 2006;11:1585-1590.

21. Schafer U, Micke O, Muller SB, Schuller P, Willich N. Hemoglobin
as an independent prognostic factor in the radiotherapy of head and
neck tumors. Strahlenther Onkol. 2003;179:527-534.

22. Beer TM, Tangen CM, Bland LB, Thompson IM, Crawford ED.
Prognostic value of anemia in newly diagnosed metastatic prostate
cancer: a multivariate analysis of southwest oncology group study
8894. J Urol. 2004;172(6 pt 1):2213-2217.

23. Harper P, Littlewood T. Anaemia of cancer: impact on patient fa-
tigue and long-term outcome. Oncology. 2005;69(suppl 2):2-7.

24. Qiu MZ, Yuan ZY, Luo HY, et al. Impact of pretreatment hemato-
logic profile on survival of colorectal cancer patients. Tumour Biol.
2010;31:255-260.

25. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflam-
mation. Nature. 2008;454:436-444.

26. Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-
related inflammation, the seventh hallmark of cancer: links to genetic
instability. Carcinogenesis. 2009;30:1073-1081.

27. Candido J, Hagemann T. Cancer-related inflammation. J Clin
Immunol. 2013;33(suppl 1):S79-S84.

28. Njolstad TS, Engerud H, Werner HM, Salvesen HB, Trovik J. Pre-
operative anemia, leukocytosis and thrombocytosis identify aggressive
endometrial carcinomas. Gynecol Oncol. 2013;131:410-415.

29. Banerjee R, Roxin G, Eliasziw M, et al. The prognostic significance
of pretreatment leukocytosis in patients with anal cancer treated with
radical chemoradiotherapy or radiotherapy. Dis Colon Rectum. 2013;
56:1036-1042.

30. Mabuchi S, Matsumoto Y, Isohashi F, et al. Pretreatment leukocyto-
sis is an indicator of poor prognosis in patients with cervical cancer.
Gynecol Oncol. 2011;122:25-32.

31. Holgersson G, Sandelin M, Hoye E, et al. Swedish lung cancer radi-
ation study group: the prognostic value of anaemia, thrombocytosis
and leukocytosis at time of diagnosis in patients with non-small cell
lung cancer. Med Oncol. 2012;29:3176-3182.

32. Greenblatt DY, Kelly KJ, Rajamanickam V, et al. Preoperative fac-
tors predict perioperative morbidity and mortality after pancreatico-
duodenectomy. Ann Surg Oncol. 2011;18:2126-2135.

33. Suzuki K, Aiura K, Kitagou M, et al. Platelets counts closely corre-
late with the disease-free survival interval of pancreatic cancer
patients. Hepatogastroenterology. 2004;51:847-853.

34. Fleming JB, Gonzalez RJ, Petzel MQ, et al. Influence of obesity on
cancer-related outcomes after pancreatectomy to treat pancreatic ade-
nocarcinoma. Arch Surg. 2009;144:216-221.

35. Li D, Morris JS, Liu J, et al. Body mass index and risk, age of onset,
and survival in patients with pancreatic cancer. JAMA. 2009;301:
2553-2562.

36. Choi Y, Kim TY, Lee KH, et al. The impact of body mass index dy-
namics on survival of patients with advanced pancreatic cancer
receiving chemotherapy. J Pain Symptom Manage. 2014;48:13-25.

37. Pelucchi C, Galeone C, Polesel J, et al. Smoking and body mass
index and survival in pancreatic cancer patients. Pancreas. 2014;43:
47-52.

38. Kasenda B, Bass A, Koeberle D, et al. Survival in overweight patients
with advanced pancreatic carcinoma: a multicentre cohort study.
BMC Cancer. 2014;14:728.

Original Article

6 Cancer Month 00, 2015


