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Abstract

Purpose

Small series have suggested that Fluorodesoxyglucose Positron-Emission-Tomography
with Computed-Tomography (FDG-PET/CT) is feasible to screen for cancer in patients with
unprovoked venous thromboembolism (VTE), but without validation in a large population.
The aim was to assess diagnostic accuracy indices of FDG-PET/CT for occult cancer diag-
nosis in patients with unprovoked VTE.

Materials and methods

We analysed patients from the FDG-PET/CT group of a randomized trial that compared a
screening strategy based on FDG-PET/CT with a limited screening strategy for occult malig-
nancy detection in patients with unprovoked VTE. FDG-PET/CT was interpreted as positive
for cancer, as negative or as equivocal. Patients were considered as having cancer on the
basis of screening results, or of any test performed during a two-years follow-up period. We
ran two sets of analysis, considering patients with equivocal FDG-PET/CT as positive, then
as negative for malignancy.

Results

Between March 2009, and August 2012, 172 patients were included. FDG-PET/CT
was interpreted as positive for malignancy in 10 patients (5.8%), as equivocal in 23
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patients (13.4%) and as negative in 139 patients (80.8%). Malignancy was diagnosed
in 7/10 (70.0%), 2/23 (8.7%) and 1/139 (0.7%) patients, respectively. Grouping positive
and equivocal results, sensitivity and specificity were 90% (95%CI 60% to 98%) and
85% (95%CI 79% to 90%), respectively. Grouping negative and equivocal results, sen-
sitivity and specificity were 70% (95%CI 40% to 89%) and 98% (95%CI 95% to 99%),
respectively.

Conclusion

FDG-PET/CT showed good accuracy for occult cancer screening in patients with unpro-
voked VTE. Remaining challenges include the need to define specific interpretation criteria
in this dedicated population.

Introduction

'®F-Fluorodesoxyglucose Positron-Emission Tomography combined with low-dose Com-
puted Tomography (FDG-PET/CT) is routinely used for the diagnosis, staging and restag-
ing of various malignancies [1,2]. However, much less is known on the performance of
FDG-PET/CT for occult malignancy screening in selected subgroups of patients. Screen-
ing for occult malignancy may allow for earlier detection and treatment of cancer, thus
improving the prognosis, and is therefore appealing for patients known to be at increased
risk of cancer.

Venous thromboembolism (VTE), which encompasses deep-vein thrombosis and pulmo-
nary embolism, can occur as the first manifestation of an underlying occult malignancy [3].
Previous studies reported that the incidence of undiagnosed cancer is 6% to 15% in the year
after an unprovoked VTE episode (i.e., VTE not provoked by a major inherited or acquired
risk factor including surgery, trauma or fracture during the three months prior to the venous
thromboembolic event; known antiphospholipid antibody syndrome, known deficiency in
antithrombin, protein C or protein S) [4-10]. Screening for occult malignancy at the time of
VTE has been advocated. Different extensive occult cancer screening strategies have been pro-
posed [11-14]. Because all types and locations of cancer may be found in patients with VTE,
many investigations had to be performed for screening and as a result an extensive screening
strategy is required, which is expensive, invasive and time-consuming [12]. Clear guidelines
for the investigation of occult malignancy after unprovoked VTE are not yet available.

FDG-PET/CT has the advantage of providing non-invasive whole body imaging. Small case
series have suggested that FDG-PET/CT is a feasible and sensitive test to screen for cancer in
patients with unprovoked VTE [15-17]. More recently, we reported the results of a random-
ized trial comparing a limited screening strategy (medical history, physical examination, rou-
tine laboratory and age/gender recommended screening tests) to a strategy combining the
limited screening plus a FDG-PET/CT [18]. We found the use of FDG-PET/CT not to be asso-
ciated with a significantly higher rate of cancer diagnosis at initial screening. However, the
incidence of subsequent cancer diagnosis over a two-year follow-up period was significantly
lower in patients randomized in the limited plus FDG-PET/CT strategy.

As an ancillary analysis, we aimed at evaluating the diagnostic accuracy indices of
FDG-PET/CT for the diagnosis of occult malignancy in patients included in the limited plus
FDG-PET/CT strategy arm.
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Materials and methods
Study population

We analysed patients from the FDG-PET/CT group of an open label, multicenter (four univer-
sity medical centers in France), randomized study that compared a screening strategy based
on FDG-PET/CT with a limited screening strategy for detection of occult malignant disease in
patients with unprovoked VTE. Methods have been detailed elsewhere [18].

Briefly, patients aged 18 years or older, diagnosed with unprovoked VTE were invited to
participate in the study if they did not present any exclusion criteria: ongoing pregnancy,
active malignancy (defined as known malignancy, active and/or treated during the previous
five years). Unprovoked VTE was defined as not provoked by a major inherited or acquired
risk factor including surgery, trauma or fracture during the three months prior to VTE;
known antiphospholipid antibody syndrome, known deficiency in antithrombin, protein C or
protein S.

In the limited plus FDG-PET/CT arm, patients underwent medical history, complete physi-
cal examination, routine laboratory tests including complete blood count, erythrocyte sedi-
mentation rate or C-reactive protein, transaminases, alkaline phosphatase, calcium, chest X-
ray, recommended age- and gender-specific cancer screening tests (i.e. prostate-specific anti-
gen in men over 50 years of age, mammography in women over 50 years of age and Pap-smear
in all women). All patients were scheduled for a FDG-PET/CT, to be performed within four
weeks of inclusion (see below). In case of positive finding on initial screening, patients were
referred for appropriate diagnostic procedures at the discretion of the treating physician. All
patients underwent clinical follow-up every 6 months for 24 months. Medical history and
physical examination were performed and in case of new symptoms or clinical signs, further
testing was ordered. Information on any investigation for suspected malignancy requested by
other physicians during follow-up was collected.

The study was conducted in accordance with the ethical principles set forth in the Declara-
tion of Helsinki, Good Clinical Practice, and relevant French regulations regarding ethics and
data protection. All patients provided written consent. The protocol and amendments were
approved for all study sites by our institutional Ethics committee (Comité de Protection des
Personnes Ouest VI, 2008-541).

FDG-PET/CT acquisition

FDG-PET/CT were performed using Gemini GXLi, Philips in Brest University Hospital; Dis-
covery ST, General Electric in Angers University Hospital; Biograph 6 LSO Pico 3D HI-REZ,
Siemens Medical in Saint Etienne University Hospital; Gemini GXL, Philips and Discovery
690, General Electric in Paris. Patients fasted for at least 6 hours before PET acquisitions, and
blood glucose had to be less than 7 mmol/L before injection of 3 to 5 MBq/kg of 18F-FDG.
Intravenous injection was followed by a period of approximately 60 minutes when the patients
remained in a quiet room. Computed tomography was performed from mid-forehead to the
feet in normal shallow respiration using a low-dose setting (120 kVp—100 mAs in Brest; 120
kVp—50 mAs in Angers and Paris; 130 kVp—50 mAs in Saint-Etienne). Intravenous iodin-
ated contrast was not administered. Data obtained from the CT-scan were used for attenuation
correction of PET data and for fusion with attenuation-corrected PET images. PET data was
reconstructed iteratively using the ordered-subset expectation maximization (OSEM) algo-
rithm (2 iterations and 8 subsets in Angers and Brest; 2 iterations and 16 subsets in Paris; 4
iterations and 8 subsets in Saint Etienne).
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FDG-PET/CT interpretation

For the purpose of this analysis, all FDG-PET/CT scans were centrally reinterpreted at the
main study site by a board-certified nuclear medicine physician, after the trial was completed,
and without knowledge of patient’s clinical information and follow-up status. FDG-PET/CT
was interpreted as positive for possible malignancy based on the following criteria: foci of non-
physiological FDG uptake, not attributable to the acute venous thromboembolism (i.e. areas of
vascular thrombosis or lung infarcts were excluded), with no predetermined cut-off maximum
standardized uptake values. FDG-PET/CT was interpreted as negative when only physiological
FDG uptake or non-physiological FDG uptake attributable to a typical benign disease (e.g.
global homogeneous thyroid uptake) was observed. FDG-PET/CT readings not falling into
any of these categories were classified as equivocal. Maximum standardized uptake value was
also measured in volumes of interest and collected for each lesion.

Outcome determination and statistical analysis

The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
negative and positive likelihood ratio of FDG PET/CT were determined. To compute these
accuracy indices, patients were considered as having cancer if they were diagnosed with histo-
logically proven cancer on the basis of the initial screening strategy results, or on the basis of
any diagnostic test performed during the 24 months follow-up period in case of newly sus-
pected malignancy.

We ran two sets of analysis: one considering patients with equivocal FDG-PET/CT results
as positive for possible malignancy, and a second one considering patients with equivocal
FDG-PET/CT results as negative for possible malignancy. For each analysis, FDG-PET/CT
was considered true-positive if a cancer was diagnosed in a patient with FDG-PET/CT inter-
preted as positive for possible malignancy. FDG-PET/CT was considered false-positive in
patients with a FDG-PET/CT interpreted as positive for possible malignancy who did not
developed malignant disease during follow-up. FDG-PET/CT was considered true-negative in
patients with a FDG-PET/CT interpreted as negative for malignancy who did not develop
malignancy during follow-up. FDG-PET/CT was considered false-negative in patients with a
FDG-PET/CT interpreted as negative for possible malignancy who developed a malignant dis-
ease during follow-up.

Statistical analysis was performed using IBM SPSS Statistics software, version 19 installed
on PC. The trial is registered with ClinicalTrials.gov, number NCT00964275.

Results

Between March 3, 2009, and August 18, 2012, 399 patients were included and randomized to
one of the two study groups. Of the 200 patients allocated to FDG-PET/CT, three patients
withdrew consent and refused the use of their data, two patients were found to be ineligible for
the trial, and 23 patients did not present for their FDG-PET/CT or eventually refused to
undergo the examination. Therefore, 172 patients were included in the present analysis. Gen-
eral characteristics and risk factors are presented in Table 1.

Out of the 172 patients, 10 (5.8%) patients were diagnosed with cancer at inclusion or dur-
ing the 24-month follow up period. The primary site of occult malignancy included prostate in
three cases, colon in two case, oropharynx in one case, lung/pleura in one case, pancreas in
one case, testicle in one case and ovary/uterus in one case. Of note, malignancy was diagnosed
at the initial work-up in 9 patients, and late during follow-up in one.

FDG-PET/CT was interpreted as positive for possible malignancy in 10 patients (5.8%), as
equivocal in 23 patients (13.4%) and as negative in 139 patients (80.8%). Among them,
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Table 1. General characteristics and risks factors of the population.

Characteristics

Age, years 64 (48-76)

¢ Older than 50 years 127 (74%)
Sex

* Male 94 (55%)

* Female 78 (45%)
Venous thromboembolism

* Deep vein thrombosis 34 (20%)

* Pulmonary embolism + deep vein thrombosis 138 (80%)
Tobacco use 27 (16%)
Oral contraceptives 12 (7%)
Familial history of cancer 59 (34%)
Previous malignancy 12 (7%)
Prior venous thromboembolism 49 (28%)
Alcohol intoxication 18 (10%)
Asbestos exposition 12 (7%)
Asthenia 19 (11%)
Anorexia 2(1%)

Data are median (IQR) or n (%)

https://doi.org/10.1371/journal.pone.0178849.t1001

malignancy was diagnosed in 7/10 (70.0%), 2/23 (8.7%) and 1/139 (0.7%) patients, respectively.
Table 2 summarizes FDG-PET/CT interpretation, abnormal FDG uptake location, maximum
standardized uptake value (SUV max), and final diagnosis in patients with positive or equivo-
cal results.

Accuracy indices are summarized in Table 3. Grouping positive and equivocal results, the
sensitivity and specificity of the FDG-PET/CT were 90% (95%Confidence Interval (CI), 60 to
98) and 85% (95%CI, 79 to 90), respectively. Grouping negative and equivocal results, sensitiv-
ity and specificity were as follows: 70% (95%CI, 40 to 89) and 98% (95%ClI, 95 to 99).

Discussion

In this study we found the FDG-PET/CT to have a good accuracy for cancer diagnosis in
patients with unprovoked venous thromboembolism. Sensitivity ranged from 70 to 90%, and
specificity from 85 to 98% according to how equivocal test results were considered. In this
work, sensitivity determines the ability of FDG PET/CT to diagnose occult cancer, i.e. a posi-
tive FDG PET/CT result when patients have malignancy. Specificity of FDG PET/CT deter-
mines the ability of the test to limit false positives examinations and so the proportion of
patients who are likely to undergo unnecessary/invasives additional tests.

As with any diagnostic test, the optimal trade-off between sensitivity and specificity is
not easy to determine. On one hand, considering as positive patients with a FDG-PET/CT
interpreted as positive or equivocal for possible malignancy yielded a higher sensitivity (90%),
and negative predictive value (99%): only one out of 139 negative patients was diagnosed
with cancer during follow-up. However, the positive predictive value was low at 27%, mean-
ing that almost three quarters of patients with a ‘positive’ FDG-PET/CT did not eventually
have cancer. On the other hand, restricting positivity only to patients deemed as having a
positive FDG-PET/CT for possible malignancy resulted in a higher specificity (98%) and posi-
tive predictive value (70%). This would allow limiting the proportion of patients undergoing
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Table 2. FDG-PET/CT interpretation, abnormal FDG uptake location, SUV max, and final diagnosis in patients with positive or equivocal results.

No. Increased uptake location
1 Colon

2 Lung—Pleura

3 Oropharynx

4 Kidney

5 Ovary/Uterus—Peritoneum
6 Prostate

7 Pancreas

8 Uterus

9 Testicle

10 Colon

11 Parotid

12 Thyroid

13 Larynx

14 Colon

15 Lung

16 Colon

17 Oropharynx-Cervical nodes
18 Uterus

19 Larynx

20 Lung

21 Colon

22 Colon

23 Thyroid

24 Mediastinum—Anal canal
25 Colon—Lung—Prostate
26 Colon

27 Gallbladder

28 Thyroid

29 Lung—Stomach

30 Nasopharynx—Muscle

31 Stomach—Colon

32 Adrenal Gland

33 Duodenum—Anal Canal
https://doi.org/10.1371/journal.pone.0178849.t002

SUV hax PET interpretation
5.3 Positive
2-3.9 Positive
10.2 Positive
3.6 Positive
43.8-62.1 Positive
5.6 Positive
4.6 Positive
28.6 Positive
9.4 Positive
6.7 Positive
4.6 Equivocal
2.2 Equivocal
2.2 Equivocal
5.9 Equivocal
2 Equivocal
4.7 Equivocal
12.4-5.9 Equivocal
4.4 Equivocal
3.6 Equivocal
1.9 Equivocal
7 Equivocal
3.4 Equivocal
2.5 Equivocal
8.7-7.1 Equivocal
6.1-3-3.7 Equivocal
4.9 Equivocal
114 Equivocal
3.6 Equivocal
3.8-4.8 Equivocal
9.2-5.1 Equivocal
3.9-3.9 Equivocal
6.3 Equivocal
8-6.7 Equivocal

Final diagnosis

Colon adenocarcinoma

Lung adenocarcinoma/ pleura metastasis
Uvula cancer

No malignancy
Ovary/Uterus cancer
Prostate adenocarcinoma
Pancreas cancer
Menstruation

Testicular seminoma
Diverticulosis and Hyperplastic polyp
No malignancy

Benign thyroid nodule

No malignancy

Diverticulosis and Hyperplastic polyp
No malignancy

No malignancy

No malignancy

No malignancy

No malignancy

No malignancy

No malignancy

No malignancy

No malignancy

No malignancy

Prostate adenocarcinoma
No malignancy

Lithiasis without complication
No malignancy

Prostate adenocarcinoma
No malignancy

No malignancy

No malignancy

No malignancy

Table 3. Accuracy of FDG-PET/CT for the diagnosis of cancer.

Accuracy indices

FDG-PET/CT
Sensitivity, % (95%Cl) 90 (60 to 98)
Specificity, % (95%Cl) 85 (79 to 90)
Positive predictive value, % 27 (5to 44)
(95%Cl)
Negative predictive value, % 99 (96 to 100)

(95%Cl)

Positive likelihood ratio
(95%Cl)

Negative likelihood ratio
(95%Cl)

6.1 (4.0109.3)

0.1(0.0100.8)

https://doi.org/10.1371/journal.pone.0178849.t003

Positive or Equivocal vs. Negative | Positive vs. Negative or Equivocal

FDG-PET/CT
70 (40 to 89)
98 (95 to 99)
70 (40 to 89)

98 (95 to 99)
37.8 (11.5t0 124.5)

0.3(0.1100.8)
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unnecessary investigations following a positive test, at the expense of a lower sensitivity of
70%: three out of the 10 patients diagnosed with cancer in the study did not have a positive
FDG-PET/CT. However, it is noteworthy that among these three patients, one was diagnosed
with a colon cancer 18 months after inclusion, although his FDG-PET/CT at inclusion was
clearly negative (which was confirmed by post-hoc repeated interpretation); another patient
was diagnosed with a prostate cancer (PSA 6.2) although his FDG-PET/CT was equivocal at
the level of the lung and the stomach; the last patient was also diagnosed with prostate cancer,
his FDG-PET/CT was equivocal in the prostatic bed and his PSA level was 8.1. We would
therefore argue that restricting positivity to FDG-PET/CT findings clearly positive for possible
malignancy would be sufficient from a cancer screening perspective, while requiring less
unnecessary additional investigations than when using a broader definition of a positive
FDG-PET/CT.

Some aspects of our analysis deserve further comments. First, interpretation is difficult to
standardize, and the threshold for positivity is not clearly defined. Our definition of a positive
FDG-PET/CT is in line with previous studies on this topic [15-17]. However, such a definition
led to highly variable proportions of positive FDG-PET/CT across studies, from 31% to 63%.
The positive predictive value of the FDG-PET/CT, interpreted using this definition, differed
significantly across studies, from 4% to 54%. Discrepancies between studies could be explained
by small sample size, difference in the categorization of patients with ‘suspicious’ (vs. positive)
findings, and different patient populations, with a prevalence of cancer ranging from 2.5 to
24%. Second, the overall incidence of cancer in our study was lower (around 6%) than antici-
pated: previous studies reported a 10% incidence of cancer in the year following an unpro-
voked venous thromboembolism [4]. The identification of predictors of cancer diagnosis in
patients with venous thromboembolism could enable a better risk stratification and selection
of patients requiring testing, which would lead to an improved positive predictive value of the
FDG-PET/CT.

Our study has strengths and limitations. Our sample size was somewhat limited, resulting
in wide confidence intervals around estimated accuracy indices. However, our data represent
the largest population of venous thromboembolism patients investigated using a FDG-PET/
CT. Moreover, our patient population was included in a multicenter, prospective, randomized
trial, with a 24-month follow-up through outpatient clinic visits every six months. FDG-PET/
CT images were centrally reviewed at the main study site by a board-certified nuclear medicine
physician, blinded from patients’ history, initial FDG-PET/CT interpretation, and follow-up
status but without specific reproducible interpretation criteria for a positive FDG-PET/CT.
However, an interobserver agreement was not performed in this study which could limit the
robustness of the results. A possible way to improve the diagnostic performance of FDG-PET/
CT in the setting of cancer screening in patients with unprovoked venous thromboembolism
would be to define specific interpretation criteria dedicated to this clinical setting, in order to
minimize findings of low clinical relevance. FDG-PET/CT interpretation criteria have been
well defined in specific settings (e.g. tumor staging, restaging or interim therapeutic evalua-
tion) [1,2]. However, defining criteria for screening might be particularly challenging for
whole-body imaging, given that patients with unprovoked venous thromboembolism may
develop any cancer type, location or stage.

In conclusion, FDG-PET/CT showed a good accuracy for the screening of occult cancer in
patients with unprovoked venous thromboembolism. Remaining challenges include the need
to define specific and standardized interpretation criteria dedicated to this clinical indication,
and the need to better select high-risk patients who would get the most benefit from screening
with FDG-PET/CT.

PLOS ONE | https://doi.org/10.1371/journal.pone.0178849  June 1, 2017 7/9


https://doi.org/10.1371/journal.pone.0178849

@° PLOS | ONE

FDG-PET/CT for cancer screening in patients with unprovoked venous thromboembolism

Author Contributions

Conceptualization: GLG PYS.

Formal analysis: GLG.

Funding acquisition: PYS.

Investigation: GLG PR PYS PYR KL BP NPB CL JP AM.

Supervision: GLG PYS.

Writing - original draft: GLG PR PYS.

Writing - review & editing: GLG PR PYS PYR KL BP NPB CL JP AM.

References

1.

10.

11.

12

13.

14.

15.

Delgado-Bolton RC, Fernandez-Perez C, Gonzalez-Mate A, Carreras JL. Meta-analysis of the perfor-
mance of 18F-FDG PET in primary tumor detection in unknown primary tumors. J Nucl Med. 2003; 44:
1301-14. PMID: 12902422

Bomaniji JB, Costa DC, Ell PJ. Clinical role of positron emission tomography in oncology. Lancet Oncol.
2001; 2: 157-164. PMID: 11902566

Prandoni P, Falanga A, Piccioli A. Cancer and venous thromboembolism. Lancet Oncol. 2005; 6: 401—
10. https://doi.org/10.1016/S1470-2045(05)70207-2 PMID: 15925818

Carrier M, Le Gal G, Wells PS, Fergusson D, Ramsay T, Rodger MA. Systematic review: the Trousseau
syndrome revisited: should we screen extensively for cancer in patients with venous thromboembolism?
Ann Intern Med. 2008; 149: 323-33. PMID: 18765702

Griffin MR, Stanson AW, Brown ML, Hauser MF, O’Fallon WM, Anderson HM, et al. Deep venous
thrombosis and pulmonary embolism. Risk of subsequent malignant neoplasms. Arch Intern Med.
1987; 147:1907-11. PMID: 3675090

Goldberg RJ, Seneff M, Gore JM, Anderson FA Jr, Greene HL, Wheeler HB, et al. Occult malignant
neoplasm in patients with deep venous thrombosis. Arch Intern Med. 1987; 147: 251-3. PMID:
3813741

Monreal M, Lafoz E, Casals A, Inaraja L, Montserrat E, Callejas JM, et al. Occult cancer in patients with
deep venous thrombosis. A systematic approach. Cancer. 1991; 67: 541-5. PMID: 1985747

Nordstrom M, Lindblad B, Anderson H, Bergqvist D, Kjellstrom T. Deep venous thrombosis and occult
malignancy: an epidemiological study. BMJ. 1994; 308: 891-894. PMID: 8173368

Prandoni P, Lensing AW, Buller HR, Cogo A, Prins MH, Cattelan AM, et al. Deep-vein thrombosis and
the incidence of subsequent symptomatic cancer. N Engl J Med. 1992; 327: 1128-38. https://doi.org/
10.1056/NEJM199210153271604 PMID: 1528208

Bastounis EA, Karayiannakis AJ, Makri GG, Alexiou D, Papalambros EL. The incidence of occult can-
cer in patients with deep venous thrombosis: a prospective study. J Intern Med. 1996; 239: 153-6.
PMID: 8568483

Carrier M, Lazo-Langner A, Shivakumar S, Tagalakis V, Zarychanski R, Solymoss S, et al. Screening
for occult cancer in unprovoked venous thromboembolism. N Eng J Med. 2015; 373: 697-704.

Piccioli A, Lensing AW, Prins MH, Falanga A, Scannapieco GL, leran M, et al. Extensive screening for
occult malignant disease in idiopathic venous thromboembolism: a prospective randomized clinical trial.
J Thromb Haemost. 2004; 2: 884—9. https://doi.org/10.1111/j.1538-7836.2004.00720.x PMID:
15140122

Van Doormaal FF, Terpstra W, Van Der Griend R, Prins MH, Nijziel MR, Van De Ree MA, et al. Is exten-
sive screening for cancer in idiopathic venous thromboembolism warranted? J Thromb Haemos. 2011;
9:79-84.

Jara-Palomares L, Rodriguez-Matute C, Elias-Hernandes T, Rodriguez-Portal JA, Lopez-Campos JL,
Garcia-lbarra H, et al. Testing for occult cancer in patients with pulmonary embolism: results from a
screening program and a two-year follow-up survey. Thromb Res. 2010; 125: 29-33. https://doi.org/10.
1016/j.thromres.2009.04.012 PMID: 19447476

Alfonso A, Redondo M, Rubio T, Del Olmo B, Rodriguez-Wilhelmi P, Garcia-Velloso MJ, et al. Screen-
ing for occult malignancy with FDG-PET/CT in patients with unprovoked venous thromboembolism.
Intern J Cancer. 2013; 133: 2157-64.

PLOS ONE | https://doi.org/10.1371/journal.pone.0178849  June 1, 2017 8/9


http://www.ncbi.nlm.nih.gov/pubmed/12902422
http://www.ncbi.nlm.nih.gov/pubmed/11902566
https://doi.org/10.1016/S1470-2045(05)70207-2
http://www.ncbi.nlm.nih.gov/pubmed/15925818
http://www.ncbi.nlm.nih.gov/pubmed/18765702
http://www.ncbi.nlm.nih.gov/pubmed/3675090
http://www.ncbi.nlm.nih.gov/pubmed/3813741
http://www.ncbi.nlm.nih.gov/pubmed/1985747
http://www.ncbi.nlm.nih.gov/pubmed/8173368
https://doi.org/10.1056/NEJM199210153271604
https://doi.org/10.1056/NEJM199210153271604
http://www.ncbi.nlm.nih.gov/pubmed/1528208
http://www.ncbi.nlm.nih.gov/pubmed/8568483
https://doi.org/10.1111/j.1538-7836.2004.00720.x
http://www.ncbi.nlm.nih.gov/pubmed/15140122
https://doi.org/10.1016/j.thromres.2009.04.012
https://doi.org/10.1016/j.thromres.2009.04.012
http://www.ncbi.nlm.nih.gov/pubmed/19447476
https://doi.org/10.1371/journal.pone.0178849

o @
@ : PLOS | ONE FDG-PET/CT for cancer screening in patients with unprovoked venous thromboembolism

16. Rondina MT, Wanner N, Pendleton RC, Kraiss LW, Vinik R, Zimmerman GA, et al. A pilot study utilizing
whole body 18F-FDG-PET/CTas a comprehensive screening strategy for occult malignancy in patients
with unprovoked venous thromboembolism. Thromb Res. 2012; 129: 22—7. https://doi.org/10.1016/j.
thromres.2011.06.025 PMID: 21802118

17. Chauchard M, Benali K, Papo T, Sacre K. Positron emission tomography combined with computed
tomography as a screening tool for occult malignancy in patients with unprovoked venous thromboem-
bolism: an observational study. Medicine. 2014; 93:e110. https://doi.org/10.1097/MD.
0000000000000110 PMID: 25380083

18. Robin P, Le Roux PY, Planquette B, Accassat S, Roy PM, Couturaud F, et al. Limited screening with
versus without 18F-fluorodeoxyglucose PET/CT for occult malignancy in unprovoked venous thrombo-
embolism: an open-label randomised controlled trial. Lancet Oncol. 2016; 17:193-9. https://doi.org/10.

1016/S1470-2045(15)00480-5 PMID: 26672686

PLOS ONE | https://doi.org/10.1371/journal.pone.0178849  June 1, 2017 9/9


https://doi.org/10.1016/j.thromres.2011.06.025
https://doi.org/10.1016/j.thromres.2011.06.025
http://www.ncbi.nlm.nih.gov/pubmed/21802118
https://doi.org/10.1097/MD.0000000000000110
https://doi.org/10.1097/MD.0000000000000110
http://www.ncbi.nlm.nih.gov/pubmed/25380083
https://doi.org/10.1016/S1470-2045(15)00480-5
https://doi.org/10.1016/S1470-2045(15)00480-5
http://www.ncbi.nlm.nih.gov/pubmed/26672686
https://doi.org/10.1371/journal.pone.0178849

