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Abstract
Background: Sentinel lymph node is the �rst stop of lymphatic spreading of cancer with known primary.
The lymph node metastasis pattern of cancer of unknown primary (CUP) is unclear and has been
presumed to follow the same pathway. To test this hypothesis, data of all 716 patients clinically
diagnosed as CUP in our center were collected.

Methods: Diagnoses of lymph node metastasis were established by 18F-FDG PET-CT and/or biopsy
pathology. Three hundred and forty-seven cases meeting the criteria were divided into three groups:
pathology-con�rmed primary with invasive biopsy or surgery of the suspicious lesion (group A, n=64),
primary still unknown even with invasive biopsy or surgery of the suspicious lesion (group B, n=204), and
others with no suspicious lesion or lesions who had not been sampled due to medical or other reasons
(group C, n=79). We assessed the clinicopathological features between these groups, and the relationship
between lymph node metastasis pattern and con�rmed primary site.

Results: In group A, the primary sites of 61 cases were compatible with sentinel node theory, resulting in a
positive predictive value of 95%. No signi�cant differences in age, sex, bone metastasis, or visceral
metastasis observed between group A and group B, except that group A had a higher ratio of
differentiated carcinoma (94% vs. 77%, P=0.003).

Conclusion: To our knowledge, this is the �rst evidence indicating that the majority of clinical CUP cases
follow the sentinel node theory to spread in lymph nodes, which helps tracking the primary, especially for
differentiated carcinoma.

Background
Cancer of unknown primary (CUP) is characterized as a disease with early dissemination of metastases
without a primary detected site after extensive laboratory and clinical investigations1. CUP accounts for
3–5% of all human cancers, reported to be the seventh to eighth most frequent malignant tumor, and the
fourth most common cause of cancer death2. The diagnostic work-up of CUP mainly consists of two
stages3: (1) general examination: thorough medical history and physical examination, basic blood and
biochemistry analyses including serum tumor markers, computed tomography scans, and breast
ultrasound or mammography (if needed); (2) special examination: breast magnetic resonance imaging,
endoscopies, and additional diagnostic pathology including immunohistochemical staining (IHC) of
pathology slides. However, there has been no international standard de�nition of CUP since diagnostic
codes lack concensus4. In this study, clinical CUP was de�ned as histologically con�rmed metastatic
tumors with no identi�ed primary site, or only a suspicious primary site identi�ed following completion of
the diagnostic work-up.

Clinical data about treatment of CUP are scarce and consensus guidelines have not been decided yet 5−8.
Recent study found that site-speci�c treatment based on microarray pro�ling did not improve 1-year
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survival compared with empirical chemotherapy7, but this study has its own limitations such as the
limited number of patients within the e�cacy cohort9. Considering that site-speci�c treatment
advancements have improved survival greatly during the past decade for CUP patients predicted to have
common tumor types like breast cancer, much effort has been made to identify the primary site of CUP
patients9. In the precision medicine era, new techniques such as microRNA assays, gene expression
pro�ling, and DNA-methylation pro�ling were introduced for diagnosis of CUP4, and may provide an
opportunity to bene�t from novel personalized therapies10. However, the accuracy of commercially
available gene pro�ling assays for CUP is approximately 83–89%4,11, and these new techniques are
rather expensive, unavailable in many districts, and require a su�cient amount of tumor sample. It also
generates false-positive and false-negative data11. Even with all these methods, the ability to track the
primary of CUP is still restricted.

It would be very helpful and convenient if we could determine the clinical clues that could guide the
search of the primary sites of CUP patients. Our team has reported that oligo bone metastasis may
suggest the primary site to be in the neighboring area in patients without visceral metastasis12.
Lymphatic spreading is a relatively early process in distant metastasis of cancer and nodal metastasis of
most primary-known solid tumors follows sentinel lymph node (SLN) theory. SLNs are the �rst stop of
lymph nodes to receive drainage from the primary tumor. We know that lymphatic drainage from the
primary tumor often travels to the SLNs �rst, and then sequentially to other regional lymph nodes. Gould
et al. were the �rst to describe SLNs at the junction of the anterior and posterior facial vein in parotid
cancer in 196013. Cabanas (1977) followed with a study in penile cancer, identifying SLNs at the junction
of the femoral head and the ascending ramus of the pubis14. Morton and coworkers developed a
technique for intraoperative mapping to selectively remove lymph nodes on the direct drainage pathway
from primary melanomas, and SLNs were considered to be the �rst site of metastatic disease15. Then,
they introduced blue dye-mapping of lymph nodes, which was a crucial point in the general acceptance of
sentinel node biopsy16. Nowadays, sentinel node biopsy is routinely used for tumor staging and
treatment especially in melanoma, breast cancer, and oral cancer17.

In clinical practice, some CUP patients, such as with cervical lymph node metastasis of squamous-cell
carcinoma and axillary lymph node metastasis of adenocarcinoma, are being treated as for head and
neck cancer and breast cancer respectively, and have the favorable prognosis1,18. However, there has
been no solid evidence why we can do so. In this study, we hypothesize that the lymph node metastasis
(LNM) pattern of CUP follows the same pathway as cancers with known primary sites to spread in the
lymph nodes. To test this hypothesis, we analyzed the LNM pattern of patients with clinical CUP to
determine if the SLN theory provides some clues in tracking the primary site of CUP. To our knowledge,
there have been no other reports or data about this issue.

Methods
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Study population
The inclusion criteria were as follows: (1) patients clinically diagnosed as CUP with histologically
con�rmed metastatic tumors whose primary site cannot be identi�ed after standard pretreatment
evaluation in Fudan University Shanghai Cancer Center between January 2006 and June 2018; (2) LNM
diagnosed by one or both of the two means: lymph node biopsy with pathological results and 18F-FDG
PET-CT scanning, which can assess both morphology and function of lymph nodes by measuring values
of standard uptake values.

The exclusion criteria were as follows: (1) LNM with more than two directions of lymphatic drainage or
with supraclavicular LNM only; (2) a history of previous malignancy except non-melanoma skin cancer or
in situ carcinoma of the cervix.

We ruled out patients with supraclavicular LNM only because supraclavicular lymph nodes are generally
not SLNs for any type of cancer. We also ruled out patients with more than two directions of lymphatic
drainage because it is hard to de�ne the SLNs in these instances and hard to infer the possible primary
site of CUP.

Diagnostic Procedures
We collected the data of all 716 patients clinically diagnosed as CUP in our institute between January
2006 and June 2018. The diagnosis of LNM was separately made by two experienced doctors from the
Department of Nuclear Medicine and/or Pathology. A third doctor was only invited when the two doctors
were in disagreement. For lymph nodes with cancer involvement, our pathologists routinely selected
some tissue-speci�c antibodies for immunostaining to determine the possible primary site. Afterwards,
the attending physicians combined all the available information and decided to take sampling on which
lesion. The “prime suspect” for primary site refers to the highly suspicious lesion in the images, upon
which a de�nitive diagnosis of primary tumor cannot be done in the eyes of radiological experts.

A total of 347 cases meeting the criteria were included and then divided into three groups: primary
pathologically con�rmed by invasive biopsy or surgery of the suspicious lesion (group A, n = 64), primary
still unknown even with invasive biopsy or surgery of the suspicious lesion (group B, n = 204), and others
with no suspicious lesion or lesions and who had not undergone invasive biopsy or surgery (group C, n = 
79). The evaluation was authorized by the Clinical Research Ethics Committee of Fudan University
Shanghai Cancer Center, Fudan University. All of the participants in this evaluation were well informed
about the details, and informed consent was acquired.

Statistical analysis
In cases with a pathologically con�rmed primary site (group A), we analyzed the relationship between the
primary site and the distribution of LNM to determine whether they met the SLN theory.
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The Chi-square test was performed to compare the differences in the basic clinicopathological
characteristics among different groups of clinical CUP patients using SPSS statistical software (version
22.0). P-values less than 0.05 were considered statistically signi�cant.

Results
The clinicopathological features of 347 cases enrolled were analyzed. The median age of these patients
was 55 years old, ranging from 24 to 88 years old. All patients had LNM and some had metastases to
other sites such as bone (11%), liver (4%), lung (5%), brain (2%), soft tissue (3%), peritoneum (2%), and
ovary (1%). The diagnosis of LNM was established by pathology only (25%), 18F-FDG PET-CT scanning
only (6%) and both (69%). Overall, 75% of these patients underwent 18F-FDG PET-CT scanning.

A total of 64 (18%, 64/347) patients had their primary tumor site identi�ed (group A). The methods for
identifying the primary sites are summarized in Fig. 1. Cases with suspicious head and neck cancer were
all con�rmed by endoscopy and biopsy (23/23 cases). Cases with suspicious breast lesions mostly
underwent surgery and were con�rmed by pathology (20/22 cases), and the other two cases underwent
breast biopsy (2/22 cases). A total of 44% of cases with suspicious lung cancer were con�rmed by lung
aspiration biopsy (4/9 cases), while 56% of cases underwent bronchoscopy biopsy (5/9 cases). Two
cases with suspicious pancreatic cancer were hard to biopsy, and the diagnosis of pancreatic cancer was
made by the CMUP team and then con�rmed by our pancreatic multidisciplinary team. Cases with
suspicious renal cancer (2/2 cases), prostate cancer (1/1 case), and cervical cancer (1/1 case) were all
con�rmed by biopsy. Cases with suspicious lesions in the esophagus (1/1 case) and anal tube (1/1 case)
were all con�rmed by endoscopy and biopsy. Cases with suspicious lesions in the bladder (1/1 case) and
colon (1/1 case) were all con�rmed by surgery.

Among the 64 CUP patients in group A, we analyzed the relationship between LNM pattern and primary
sites, as shown in Table 1. In 25 cases with only cervical LNM, the primary sites of 23 patients were
located in the head and neck (92%), one in the cervical segment of the esophagus (also compatible with
SLN theory) and one in the cervix (not compatible with SLN theory). In 22 cases with unilateral axillary
lymph nodes with or without another one regional LNM, all patients turned out to be breast cancer. In 11
cases with lung hilar ± mediastinal lymph nodes with or without another one regional LNM, nine patients
turned out to be lung cancer, one was kidney cancer, and one was prostate cancer (both not meeting the
sentinel node theory). Two cases with retroperitoneal and celiac LNM both turned out to be pancreatic
cancer. The primary site of one case with renal hilar and retroperitoneal LNM was the kidney, one case
with peri-intestinal LNM was colon cancer, one case with peri-iliac vessels and inguinal LNM was from
the anal tube, while one case with peri-iliac vessels, retroperitoneal and inguinal LNM was from the
bladder. Overall, there were 61 cases compatible with SLN theory and three cases that were incompatible,
leading to a positive predictive value of as high as 95% (61/64).
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Table 1
Lymph node metastasis pattern of cancer of unknown primary and compatibility with sentinel node

theory(N = 64)

Lymph node distribution Primary tumor site N Compatibility

Cervical
Cervical + supraclavicular

Head and neck
Nasopharynx Oropharynx
Parotid
Sinus piriformis
Root of tongue
submandibular gland
larynx
Esophagus
(cervical segment)
Cervical cancer of the
uterus

23
5
5
4
3
3
2
1
1
1
1

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Axillary
Axillary + supraclavicular
Axillary + internal mammary
Axillary + deep surface of pectoralis minor
muscle

Breast
Breast
Breast
Breast

19
1
1
1

Yes
Yes
Yes
Yes

Lung hilar ± mediastinal
Lung hilar ± mediastinal + supraclavicular
Lung hilar ± mediastinal + cervical
Lung hilar ± mediastinal + inguinal
Mediastinal + supraclavicular + lateral thoracic

Lung
Lung
Lung/Prostate
Lung
Kidney

4
2
2/1
1
1

Yes
Yes
Yes/No
Yes
No

Retroperitoneal + celiac Pancreas 2 Yes

Renal hilar + retroperitoneal Kidney 1 Yes

Peri-intestinal Colon 1 Yes

Peri-iliac vessels + inguinal Anal tube 1 Yes

Peri-iliac vessels + inguinal + retroperitoneal Bladder 1 Yes

Figure 2 shows images of a representative CUP patient with no suspicious primary lesion and only
cervical LNM in 2011. Endoscopy of the nasopharynx was negative. Two years later, the primary site was
found at the nasopharynx, and was pathologically con�rmed to be nasopharyngeal cancer. Figure 3
shows images of 18F-FDG PET-CT of a patient with left peri-iliac vessels and left inguinal LNM who was
diagnosed as clinical CUP. Based on the SLN theory, the CMUP team considered the prime suspect to be
in ipsilateral extremity or pelvic region. Anorectal examination was done again and found a suspicious
lesion in the anal tube. Further enteroscopy did a biopsy of the lesion, giving a de�nitive diagnosis of anal
cancer, although the prior enteroscopy showed no abnormal �nding.

Overall, there were 64 patients in group A, 204 patients in group B, and 79 patients in group C. Patients in
group C did not undergo invasive biopsy or surgery, so they may have had an undetected potential
primary site. Therefore, we only analyzed clinicopathological features between patients in group A and
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group B. As shown in Table 2, patients in group A and group B had no signi�cant difference in age (P = 
0.679), sex (P = 0.956), bone metastasis (P = 0.330), and visceral metastasis (P = 0.073), suggesting that
CUP had similar clinical features between cases with con�rmed and uncon�rmed primary sites. However,
cases in group A had a signi�cantly higher percentage of differentiated carcinoma than group B (94% vs.
77%, P = 0.003).

Table 2
Clinical and pathological features of clinical CUP patients who had undergone histopathological

examinations of suspicious primary lesions

  Group A
Primary site con�rmed
(N = 64)

Group B
Primary site not con�rmed
(N = 204)

P value

Age, years(x ± s) 54.47 ± 9.73 55.10 ± 10.98 0.679

Sex
Male
Female

31(48%)
33(52%)

98(48%)
106(52%)

0.956

Bone metastasis 6(9%) 12(6%) 0.330

Visceral metastasis 9(14%) 14(7%) 0.073

SCC
Non SCC

26(41%)
38(59%)

66(32%)
138(68%)

0.224

Adenocarcinoma
Non adenocarcinoma

34(53%)
30(47%)

91(45%)
113(55%)

0.233

Poor- or un-differentiated
Differentiated

4(6%)
60(94%)

47(23%)
157(77%)

0.003*

SCC: Squamous cell carcinoma. *P values less than 0.05 were considered statistically signi�cant.

Discussion
For majority of cancers, primary lesions are usually identi�ed �rst, followed by LNM or distant
metastases. In patients with CUP, the metastatic lesions are identi�ed �rst, and then attempts are made to
track the primary lesion. In our study, as high as 95% of the pathology-con�rmed primary sites in patients
with clinical CUP were located at the drainage area of LNM, which �rst demonstrated that SLN theory is
helpful in tracking the primary site of CUP. Based on this, a potential candidate primary lesion that could
metastasize to the lymph nodes should be extensively investigated by thorough physical or radiological
examination, or even biopsy. To our knowledge, there has been no previous report or published data
focusing on this issue.

CUP was once viewed almost as a unique type of cancer. Now it is believed that most CUPs have primary
sites and probably retain the gene signature of the putative primary origin5. Determining the primary site
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or the tissue-of-origin may have a substantial effect on therapeutic approaches as well as patient
survival. However, most prior efforts have focused on IHC staining or gene expression pro�ling to
determine the possible tissue of origin, and these approaches have problems such as high cost, the
requirement for su�cient tumor tissue, and patients no longer being treatment candidates by the time
results become available19. Moreover, they are unavailable in many districts, and can produce false-
positive and false-negative data.

18F-FDG PET-CT is also a valuable diagnostic tool for patients with CUP. One meta-analysis showed that
the overall primary tumor detection rate, pooled sensitivity, and speci�city of 18F-FDG PET-CT were 37%,
84%, and 84% respectively20. Several studies found that 18F-FDG PET-CT could detect the occult primary
tumor in as high as 49–57% of CUP cases21 − 23. The factors limiting the use of 18F-FDG PET-CT include
its high cost and its limited value in small size tumor and tumors exhibiting a low FDG uptake24. One
recent study by Cengiz et al. showed that 18F-FDG PET-CT does not represent a clear diagnostic
advantage over conventional imaging methods regarding the ability to detect the primary tumor site25,26.

Therefore, radiological examination, pathological features, and molecular pro�ling are still not adequate
for tracking of the primary site of CUP. Our study shows that as many as 95% of the con�rmed primary
sites in CUP cases are consistent with SLN theory. Clinical use of SLN theory includes cooperation
between clinical oncologists and diagnostic experts to systemically review all available clinical
information, to identify clues to indicate potential primary lesions, and then to undertake biopsy or
operation on the prime suspect for pathological diagnosis. With this multidisciplinary approach, the
tracking of primary lesions of CUP could be much improved.

Numerous studies have con�rmed that SLNs are the �rst stop reached by metastatic cancer cells as they
enter the regional lymphatic basin in the vast majority of cancer patients16. SLN theory has been widely
used in surgery as SLN biopsy, resulting in fewer axillary lymph node dissections and fewer lymphedema
cases, and thus improved quality of life27 − 30. Therefore, SLN theory has been of vast assistance in nodal
staging and treatment options. However, to our knowledge, there has been no study to assess the role of
SLNs in tracking the primary of CUP.

Early dissemination, aggressiveness, and unpredictable metastatic patterns are characteristic of CUP and
it has been recommended that physicians should not rely on patterns of metastases to determine the
primary site. However, a study by Hemminki et al. suggested that location of metastasis may predict site-
speci�c cancer deaths and provide insights into the location of primary tumors31. SLN theory has also
been used in some cases of CUP. For example, adenocarcinoma in axillary lymph nodes in women are
often presumed to originate from breast cancer32, consistent with our �ndings.

To our knowledge, this is the largest sample size study showing that in clinical CUP patients, tumor
grading affects the �nal identi�cation of primary lesions, with a statistically signi�cant difference of 94%
vs. 77% for differentiated vs. un- or poorly-differentiated tumors, respectively. Previously, Peter et al. found
that sinonasal undifferentiated carcinoma had higher rates of nodal involvement than sinonasal small-
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cell carcinoma33. Another study showed that patients with undifferentiated carcinoma had higher rates of
advanced stage disease than patients with endometrioid adenocarcinoma34. These �ndings suggested
that undifferentiated carcinoma was more likely to undergo early metastasis, making it harder to identify
the primary site in CUP.

Besides the largest sample size, another strength is that 75% patients had 18F-FDG PET-CT scanning,
providing a systemic review of cancer status both in and outside the lymph nodes for each patient.
However, our study also has its own limitations. First, most cases did not receive second opinions from
the CMUP multidisciplinary team. However, all our patients were diagnosed and treated following our
institute’s guidelines or rules. Second, the diagnosis of LNM in 6% of patients was established by 18F-FDG
PET-CT only. However, the accuracy of 18F-FDG PET-CT in predicting axillary LNM was as high as 78–
95%35, and it detected abnormal lymph nodes more often than CT36. Therefore, 18F-FDG PET-CT is the
best available method integrating the structure and function of lymph nodes. Third, the number of
identi�ed primary site of CUP cases with abdominal or pelvic LNM were fewer than those with cervical or
axillary LNM. The possible reasons are: (1) LNM in abdominal or pelvic cavity are deep and hard to �nd,
so there tend to be more than two directions of lymph drainage, making it less likely that potential
primary lesions can be located. (2) CUP patients with cervical lymph node or axillary LNM are favorable
types and have better prognosis, allowing more time for the primary lesion to be detected1.

As there was no statistically signi�cant difference between group A and group B in terms of clinical and
pathological features, it is reasonable to extrapolate the �ndings of group A to group B, and possibly to
group C, or at least for differentiated CUP.

Conclusions
In conclusion, our study �rst shows that the majority of CUP cases follow SLN theory which comes from
cancer of known primary to spread in lymph nodes, indicating its value in the tracking of primary lesions
of CUP. Furthermore, primary sites are more likely to be identi�ed in CUP patients with differentiated
carcinoma.

Declarations
List of abbreviations

CUP: cancer of unknown primary

IHC: immunohistochemical staining

SLN: sentinel lymph node

LNM: lymph node metastasis



Page 11/16

Ethics approval and consent to participate: The study was approved by the Clinical Research Ethics
Committee of Fudan University Shanghai Cancer Center, Fudan University, and written informed consent
was obtained from all participants.

Consent for publication: Written informed consent for publication was obtained.

Availability of data and materials: The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Competing interests: The authors declare that they have no competing interests.

Funding: No

Authors' contributions: SYL, LX analyzed and interpreted the patient data and were major contributors in
writing the manuscript. HSL, ZYJ, LWT, ZXY, WQF, HYF, CY, WYL, WYH contributed to the acquisition and
analysis of data. LZG, HXC contributed to the concept and revised the manuscript. All authors read and
approved the �nal manuscript.

Acknowledgements: Not applicable

References
1. Pavlidis N, Khaled H, Gaafar R. A mini review on cancer of unknown primary site: A clinical puzzle for

the oncologists. J Adv Res. 2015;6(3):375-382.

2. Pavlidis N, G P. Cancer of unknown primary site. Lancet. 2012;379(9824):1428-1435.

3. Fizazi K, Greco FA, Pavlidis N, et al. Cancers of unknown primary site: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2015;26 Suppl 5:v133-138.

4. Moran S, Martinez-Cardus A, Boussios S, Esteller M. Precision medicine based on epigenomics: the
paradigm of carcinoma of unknown primary. Nat Rev Clin Oncol. 2017;14(11):682-694.

5. Bochtler T, Kramer A. Does Cancer of Unknown Primary (CUP) Truly Exist as a Distinct Cancer Entity?
Front Oncol. 2019;9:402.

�. Economopoulou P, Pentheroudakis G. Cancer of unknown primary: time to put the pieces of the
puzzle together? Lancet Oncol. 2016;17(10):1339-1340.

7. Hayashi H, Kurata T, Takiguchi Y, et al. Randomized Phase II Trial Comparing Site-Speci�c Treatment
Based on Gene Expression Pro�ling With Carboplatin and Paclitaxel for Patients With Cancer of
Unknown Primary Site. J Clin Oncol. 2019;37(7):570-579.

�. Conway AM, Mitchell C, Kilgour E, Brady G, Dive C, Cook N. Molecular characterisation and liquid
biomarkers in Carcinoma of Unknown Primary (CUP): taking the 'U' out of 'CUP'. Br J Cancer.
2019;120(2):141-153.

9. Conway AM, Mitchell C, Cook N. Challenge of the Unknown: How Can We Improve Clinical Outcomes
in Cancer of Unknown Primary? J Clin Oncol. 2019;37(23):2089-2090.



Page 12/16

10. Varghese AM, Arora A, Capanu M, et al. Clinical and molecular characterization of patients with
cancer of unknown primary in the modern era. Ann Oncol. 2017;28(12):3015-3021.

11. Economopoulou P, Mountzios G, Pavlidis N, Pentheroudakis G. Cancer of Unknown Primary origin in
the genomic era: Elucidating the dark box of cancer. Cancer Treat Rev. 2015;41(7):598-604.

12. Zhu M, Liu X, Qu Y, et al. Bone metastasis pattern of cancer patients with bone metastasis but no
visceral metastasis. J Bone Oncol. 2019;15:100219.

13. Gould EA, Winship T, Philbin PH, Kerr HH. Observations on a Sentinel Node in Cancer of the Parotid.
Cancer. 1960;13(1):77-78.

14. Cabanas RM. An approach for the treatment of penile carcinoma. Cancer. 1977;39(2):456-466.

15. Morton DL, Wen DR, Wong JH, et al. Technical details of intraoperative lymphatic mapping for early
stage melanoma. Arch Surg. 1992;127(4):392-399.

1�. Tanis PJ, Nieweg OE, Valdes Olmos RA, Th Rutgers EJ, Kroon BB. History of sentinel node and
validation of the technique. Breast Cancer Res. 2001;3(2):109-112.

17. de Bree R, Nieweg OE. The history of sentinel node biopsy in head and neck cancer: From
visualization of lymphatic vessels to sentinel nodes. Oral Oncol. 2015;51(9):819-823.

1�. Pentheroudakis G, Lazaridis G, Pavlidis N. Axillary nodal metastases from carcinoma of unknown
primary (CUPAx): a systematic review of published evidence. Breast Cancer Res Treat. 2010;119(1):1-
11.

19. Moran S, Martinez-Cardus A, Sayols S, et al. Epigenetic pro�ling to classify cancer of unknown
primary: a multicentre, retrospective analysis. Lancet Oncol. 2016;17(10):1386-1395.

20. Kwee TC, Kwee RM. Combined FDG-PET/CT for the detection of unknown primary tumors:
systematic review and meta-analysis. Eur Radiol. 2009;19(3):731-744.

21. Nanni C, Rubello D, Castellucci P, et al. Role of 18F-FDG PET-CT imaging for the detection of an
unknown primary tumour: preliminary results in 21 patients. Eur J Nucl Med Mol Imaging.
2005;32(5):589-592.

22. Keller F, Psychogios G, Linke R, et al. Carcinoma of unknown primary in the head and neck:
comparison between positron emission tomography (PET) and PET/CT. Head Neck.
2011;33(11):1569-1575.

23. Cengiz A, Goksel S, Yurekli Y. Diagnostic Value of (18)F-FDG PET/CT in Patients with Carcinoma of
Unknown Primary. Mol Imaging Radionucl Ther. 2018;27(3):126-132.

24. Kwee TC, Basu S, Cheng G, Alavi A. FDG PET/CT in carcinoma of unknown primary. Eur J Nucl Med
Mol Imaging. 2010;37(3):635-644.

25. Moller AK, Loft A, Berthelsen AK, et al. A prospective comparison of 18F-FDG PET/CT and CT as
diagnostic tools to identify the primary tumor site in patients with extracervical carcinoma of
unknown primary site. Oncologist. 2012;17(9):1146-1154.

2�. Cetin Avci N, Hatipoglu F, Alacacioglu A, Bayar EE, Bural GG. FDG PET/CT and Conventional Imaging
Methods in Cancer of Unknown Primary: an Approach to Overscanning. Nucl Med Mol Imaging.



Page 13/16

2018;52(6):438-444.

27. Maguire A, Brogi E. Sentinel Lymph Nodes for Breast Carcinoma: A Paradigm Shift. Arch Pathol Lab
Med. 2016;140(8):791-798.

2�. Gainer SM, Hunt KK, Beitsch P, Caudle AS, Mittendorf EA, Lucci A. Changing behavior in clinical
practice in response to the ACOSOG Z0011 trial: a survey of the American Society of Breast
Surgeons. Ann Surg Oncol. 2012;19(10):3152-3158.

29. Massimino KP, Hessman CJ, Ellis MC, Naik AM, Vetto JT. Impact of American College of Surgeons
Oncology Group Z0011 and National Surgical Adjuvant Breast and Bowel Project B-32 trial results on
surgeon practice in the Paci�c Northwest. Am J Surg. 2012;203(5):618-622.

30. Wright GP, Mater ME, Sobel HL, et al. Measuring the impact of the American College of Surgeons
Oncology Group Z0011 trial on breast cancer surgery in a community health system. Am J Surg.
2015;209(2):240-245.

31. Hemminki K, Riihimaki M, Sundquist K, Hemminki A. Site-speci�c survival rates for cancer of
unknown primary according to location of metastases. Int J Cancer. 2013;133(1):182-189.

32. Varadhachary GR, Raber MN. Cancer of unknown primary site. N Engl J Med. 2014;371(8):757-765.

33. Ahn PH, Mitra N, Alonso-Basanta M, et al. Nodal metastasis and elective nodal level treatment in
sinonasal small-cell and sinonasal undifferentiated carcinoma: a surveillance, epidemiology and end
results analysis. Br J Radiol. 2016;89(1058):20150488.

34. Silva EG, Deavers MT, Malpica A. Undifferentiated carcinoma of the endometrium: a review.
Pathology. 2007;39(1):134-138.

35. Wahl RL. Current status of PET in breast cancer imaging, staging, and therapy. Semin Roentgenol.
2001;36(3):250-260.

3�. Grigsby PW, Siegel BA, Dehdashti F. Lymph node staging by positron emission tomography in
patients with carcinoma of the cervix. J Clin Oncol. 2001;19(17):3745-3749.

Figures



Page 14/16

Figure 1

Methods used to establish a diagnosis of primary lesion.
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Figure 2

Images of a clinical CUP patient with cervical lymph node metastases. Nasopharynx endoscopy was
negative in 2011, with the primary lesion emergent in 2013. The primary cancer was �nally pathologically
con�rmed to be nasopharyngeal cancer, demonstrating the value of SLN theory in tracking the primary. A:
Image of 18F-FDG PET-CT scan in 2011 showing only cervical lymph node metastases (black and white
arrow) and was otherwise normal. B: Magnetic resonance imaging of nasopharynx in 2011 with no
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suspicious lesion. C: Magnetic resonance imaging of nasopharynx in 2013 with a suspicious lesion (red
arrow), which was later con�rmed by biopsy and pathological data.

Figure 3

Images of a CUP patient with left iliac vessels and left inguinal lymph node metastasis. The patient had
no symptoms such as diarrhea, constipation, or hematochezia. 18F-FDG PET-CT images after left
inguinal lymph node surgery showed metastasis in a lymph node lining the iliac vessels identi�ed (black
arrow), and he was otherwise normal. Repeat anorectal examination showed a suspicious lesion in the
anal tube, which was �nally pathologically con�rmed by enteroscopy, although the prior enteroscopy
showed no abnormal �ndings.


