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Renal Cell Carcinoma in Patients With a 
Personal or Family History of Hematologic 
Malignancies 
Janice P. Dutcher, MD, and Peter H. Wiernik, MD

Abstract: A little-appreciated association between renal cell 

carcinoma (RCC) and hematologic malignancies (HMs) has been 

reported for at least 20 years. The HM characteristically occurs 

first in patients with both neoplasms, and the large majority (94%) 

of these HMs are of B-cell origin. Furthermore, the majority of 

patients with RCC and an HM are male. Recently, we have noted 

an increased incidence of HMs in families of patients with RCC 

and are exploring this observation further. Here, we summarize 

our reports on the association between these neoplasms in indi-

vidual patients and review the relevant literature.

Introduction

Patients with non-Hodgkin lymphoma (NHL) or other B-cell malig-
nancies have an increased incidence of other primary malignancies, 
including solid tumors.1,2 For example, an increased incidence of 
solid tumors in patients with chronic lymphocytic leukemia (CLL) 
has been well documented.3 Two large epidemiological studies based 
on the National Cancer Institute Surveillance, Epidemiology, and 
End Results (SEER) database identified an association between renal 
cell carcinoma (RCC) and NHL, and demonstrated an observed to 
expected ratio of 1.47 when RCC followed NHL among a data-
base1 of 29,153 patients collected from 1973 to 1987. A subsequent 
evaluation of another 6171 patients diagnosed with NHL as the 
initial primary tumor, from 1965 to 1980, found an increased risk 
of subsequent RCC in those patients.2 

We and others have reported an increased co-incidence of RCC 
and hematologic malignancies (HMs), the majority of them B-cell 
disorders.4-16 Since our initial report,7 we have continued to collect 
information on and report additional cases of this association.8 This 
article contains an updated review of the literature, providing data 
on 189 patients to date with both RCC and an HM (Table 1).4-48 
Clearly, this is not as unusual a phenomenon as previously thought. 
From our previous reports, and from reports in the literature, 
several features of this association appear to be characteristic. We 
comment on these features below. 
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Features of Patients With RCC and 
Hematologic Malignancies 

In 2006, we reported on 9 patients with a personal history 
of RCC and HM, and noted the following characteristics: 
(1) there was a male predominance, with 8 males and 
1 female; (2) the HMs were all of B-cell origin, with 4 
being extranodal and 2 of the patients having Hodgkin 
lymphoma (HL); and (3) the HMs developed first in 5 
of the 9 patients, and the diseases were concurrent in 2 
patients. In our review of the literature in that report, we 
confirmed those characteristics to be consistent with the 
other reported series and cases.7 

In a subsequent update of our patient series (16 total 
patients), those characteristics remained evident.8 Of those 
16 patients, 11 were male and 5 female, with a median age 
at RCC diagnosis of 63 years (range, 36-82 years).8 These 
are the same demographics as our initial report. All 16 
patients had HMs of B-cell origin, including five with large 
B-cell lymphoma, two with small cell lymphoma, four with 
HL, two with CLL, two with monoclonal gammopathy of 
uncertain significance (MGUS), and one with hairy cell 
leukemia. Five lymphomas were extranodal.8 In our series, 
the predominant RCC diagnosis was clear cell histology 
(11 patients), with 2 papillary and 1 each of oncocytoma, 
poorly differentiated, and renal cancer not otherwise speci-
fied. Among these 16 patients, the most common sequence 
of diagnosis was an HM followed by RCC (10/16 patients; 
63%), which is consistent with our initial report and with 
that of other patients in the literature.7 

We have collected data on an additional 64 patients 
from the literature since our first summary of 125 
reported cases. We examine the features of these cases in 
Table 1, which includes our series. Table 1 comprises 189 
patients with both RCC and a hematologic malignancy. 
Of these, 126 patients are male and 56 are female (the 
gender of 7 patients is not specified), for a male:female 
ratio of 2.25:1. For the 134 patients with lymphoma in 
whom gender is known, the male:female ratio is 2.2:1. 
Although this is expected in RCC (population studies 
and literature both show a male:female ratio of 2:1 for 
patients with RCC), it is not the case for NHL or other 

lymphoid malignancies. The reported male:female ratio 
for NHL is 1.2:1. In our prior review of the published 
series of RCC and HMs,7 the male:female ratio for NHL 
was 2.2:1. In our current expanded series, the male:female 
ratio is 6:1 among those with NHL and 2:1 among all 
those with B-cell malignancies. Therefore, the expanded 
literature review continues to demonstrate the same male 
predominance among patients with HMs in the setting of 
RCC that we observed in our initial report. 

Whereas in our initial series we reported only 1 
patient with a synchronous diagnosis, the literature 
reports synchrony more frequently. Among the patients 
listed in Table 1, a total of 82 developed the HM first 
(43%), and 62 were diagnosed with RCC and an HM 
simultaneously (33%). Of the 189 patients with RCC 
and an HM, 175 were diagnosed with a B-cell HM and 
3 were diagnosed with a T-cell HM, for a total of 178 
lymphoid malignancies among the 189 patients (94%) 
with RCC and an HM (Table 2).

Among the RCC patients listed in Tables 1 and 2, 
a total of 136 patients developed lymphoma. Sixteen 
patients had multiple myeloma (MM; 2 patients ini-
tially presented with plasmacytoma that rapidly evolved 

Table 1. Patients With Both RCC and an HM 

No. of 
Patients

Male:Female RCC  
First

HM  
First

Synchronous

189 126:56  
(2.25:1)a

41  
(22%)b

82 
(43%)

62  
(33%)

HM, hematologic malignancy; RCC, renal cell carcinoma. 

a Information not available for 7 patients.

b Information not available for 4 patients.

Data from references 4 through 48.

Table 2. Summary of Diagnoses of HMs in Patients With 
RCC and an HM

Malignancy No. of Patients

Lymphomaa 136

Other lymphoid diseases 42

  MM 16

  CLL 12

  HL 5

  MGUS 3

  WM 2

  ALLb 2

  Plasmacytoma 1

  HCL 1

Myeloid leukemias 11

  CML 6

  APL 3

  AML 2

Total patientsc 189
ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; APL, acute 
promyelocytic leukemia; CLL, chronic lymphocytic leukemia; CML, chronic 
myeloid leukemia; HCL, hairy cell leukemia; HL, Hodgkin lymphoma; HMs, 
hematologic malignancies; MGUS, monoclonal gammopathy of uncertain 
significance; MM, multiple myeloma; WM, Waldenström macroglobulinemia.

a Including 2 T-cell

b Including 1 T-cell

c Total lymphoid HMs, 178; total B-cell HMs, 175
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into full-blown MM) and 12 patients had CLL, all of 
B-cell origin. Additional B-cell malignancies were HL (5 
patients), MGUS (3 patients), Waldenström macroglob-
ulinemia (2 patients) and 1 patient each with hairy cell 
leukemia, plasmacytoma, and B-cell acute lymphocytic 
leukemia (ALL). There was also 1 patient with T-cell 
ALL (Table 2).

The concordance of HL and RCC is rare in the litera-
ture; there was only 1 reported case in the multiple series 
reviewed in our prior report.4-6,9-16 We have since reported 
on 4 patients with HL who subsequently developed RCC 
in our updated series,8 but have not found additional 
reports in the literature since our previous review. 

In our initial report of RCC and an HM in the same 
patient, we described four of 9 lymphomas in extranodal 
sites, not including patients with CLL, hairy cell leukemia, 
and MGUS,7 and Ohsawa and colleagues also described 
such cases.4 Epidemiologic studies of lymphoma show a 
global variation in overall incidence of lymphoma, but 
the percentage of those with extranodal presentation 
appears to range between 25% and 35% in each set-
ting.49-51 We have tabulated the cases with extranodal sites 
of lymphoma in Table 1, and found that among the 136 
patients with lymphoma and RCC, there were 43 with 
extranodal lymphoma (32%). This frequency is within 
the range reported for lymphoma patients in general, as 
noted above (Table 3).49-51 

A new development noted in several recent reports 
(within the past 10 years or less) is the diagnosis of 
myeloid leukemias in patients with RCC. The literature 
includes 6 cases of chronic myeloid leukemia (CML), 
two of acute myeloid leukemia (AML), and three of acute 
promyelocytic leukemia (APL; Table 2).41-48 Of those 11 
patients, 5 adults were discovered to have renal tumors 
concurrently with the initial diagnosis and management 
of their leukemia (2 CML, 2 APL, 1 AML).43-45,47 One 
child with APL in complete molecular remission devel-
oped pediatric RCC 5 years later.48 The same sequence 
and pattern of diagnosis was observed in the 2 children 
with ALL who, as adolescents in remission from ALL, 
developed pediatric RCCs.29,40 Two adults had under-
gone nephrectomy as their only treatment for RCC, and 
subsequently developed leukemias 2 and 3 years later.42,46 
Three additional patients developed CML after multiple 
years of antivascular endothelial growth factor tyrosine 
kinase inhibitor (TKI) therapy for metastatic RCC.41 
All the authors have raised concerns of therapy-induced 
secondary malignancies, but it is difficult to develop 
a consistent theory when 5 cases are synchronous, 2 
patients with RCC had no systemic therapy prior to 
leukemia, and the 3 children had different treatments 
for their leukemias prior to their RCCs. A review of 
1445 patients with a CML/myeloproliferative neoplasm 

 diagnosis compared the incidence of second malignancies 
following treatment with antileukemic TKIs vs the SEER 
database, and found a lower than expected incidence of 
second malignancies, with the incidence of secondary 
renal cancer being 4%.52 It is possible that we are more 
commonly observing an association of myeloid leukemia 
and RCC as a consequence of improved survivorship for 
CML, APL, AML, and now RCC, potentially allowing 
time for the development of the second malignancy to 
appear, perhaps as a delayed manifestation of the initial 
disease. It should be remembered that central nervous 
system leukemia as a manifestation of childhood ALL 
was rarely seen until effective therapy was developed for 
the common initial presentations of the disease, and that 
renal disease in diabetics was essentially unheard of until 
insulin was available. Obviously, a search for common 
molecular pathways will continue.

Table 3. Patients With Extranodal Lymphoma and RCC 

Refer-
ence

Extra-
nodal 
Patients

Site of Lymphoma

4 18 3 central nervous system; 2 Waldeyer 
ring; 2 oral cavity; 7 gastrointestinal 
tract; 4 other

5 2 2 MALT lymphoma of stomach

8 5 1 each: subcutaneous tissue; perirenal 
mass; nasal; lung; small bowel

9 1 Parotid mass

10 5 2 kidney; 1 MALT lymphoma of 
stomach; 2 bone marrow

11 1 Kidney

12 1 Cutaneous

13 1 Bilateral testes

14 1 Subcutaneous tissue of breast + 
intravascular lymphomatosis

15 1 MALT lymphoma of right orbit

17 1 Paranasal sinus

27 1 Sacral mass

32 1 Lung + liver + bone + nodes

33 1 Kidney + liver + pancreas +  
gastrointestinal tract

34 1 Ipsilateral adrenal gland

36 1 Bone marrow

37 1 Kidney

Total 43a 
(32%)

MALT, mucosa-associated lymphoid tissue.

a Total lymphomas, 136.
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Families With RCC and HMs

The observation of families having multiple members with 
HMs is well documented, and includes families with a pre-
dominance of one type of HM, and families with multiple 
types of HMs. Wiernik and colleagues have developed a 
familial registry containing more than 750 pedigrees of 
families with multiple hematologic malignancies, and have 
reported on many of these.53 The phenomenon of antici-
pation has been demonstrated in most families, suggesting 
a possible genetic component.53 

Of note, among these families are members with a 
variety of adenocarcinomas, and Wiernik and Etkind have 
explored the association of breast cancer and lymphoma in 
the same patient.54-56 In view of these observations, and the 
occurrence of RCC and an HM in the same patient, we 
have begun to explore the association of HM in families 
of patients with RCC. We have prospectively and ret-
rospectively reviewed family histories among more than 
700 patients with RCC. We have presented preliminary 
data and are continuing our investigations.57-59 As of our 
report in 2013, a family history of HM was observed in 
74 relatives, involving 59 families of patients with RCC. 
Similar to our data concerning the occurrence of RCC and 
an HM in the same patient, the most common HMs in 
family members were B-cell disorders (NHL, MM, CLL, 
Waldenström macroglobulinemia, and HL). There were 
also several with myeloid disorders, but these accounted for 
less than 10% of the cases. The demographics of the RCC 
patients were similar to the general RCC literature. The 
relatives were primarily first- and second-degree relatives, 
with only a handful being more distant. This is an ongoing 
project and will be the subject of further publications.

Summary and Potential Explanations for 
RCC/HM in the Same Patient

A number of hypotheses have been proposed for this 
increasingly reported phenomenon of RCC and an HM 
occurring in the same patient. The majority of these cases 
have been lymphoid hematologic malignancies, suggest-
ing a possible immunologic explanation. Anderson and 
colleagues have proposed immune dysregulation during a 
response to the adenocarcinoma leading to lymphoid pro-
liferation and then lymphoid malignancy.5 This hypothesis 
might explain those cases in which there is synchronous 
development of both malignancies, some with collision 
histology, and for those in which lymphoma follows 
RCC. However, there is a large group (43%) in which 
the HM occurs first, thus requiring another explanation.

Another hypothesis that has been demonstrated 
in some concurrent malignancies is an infectious agent 
that either causes or facilitates both diseases. An example 

is mucosa-associated lymphoid tissue (MALT) gastric 
lymphoma and gastric adenocarcinoma, both caused by 
Helicobacter pylori.60 Wiernik and colleagues have noted 
an increased association of breast cancer and NHL in 
the same patient, in which the breast cancer was usually 
the first malignancy. Although the breast cancer in those 
patients was not treated with systemic therapy, NHL—
mostly low-grade B-cell NHL—followed years later.54 
Etkind and Wiernik reported mouse mammary tumor 
virus (MMTV)–like ENV gene sequences in both malig-
nancies of many of these patients.55,56 MMTV can cause 
breast cancer in female mice and lymphoma in male mice. 

A genetic basis for the association is also a prime con-
sideration. Both NHL and RCC have several common 
chromosomal abnormalities, including deletion of 17p 
and mutation of 3p.61-63 However, these are large regions 
of chromosomes, and it is yet to be determined if the 
identical genes are changed or lost in the RCC and the 
lymphoma. Deletions or methylations of the gene for von 
Hippel–Lindau syndrome (the VHL gene) are common 
in RCC, but a role in lymphoma or other B-cell malig-
nancies is yet to be demonstrated. 

With regard to the association with plasma cell dis-
orders, the role of interleukin-6 is often mentioned, as it 
is a growth factor for plasma cells and in some cases for 
RCC, and can be produced by RCC.30 Whether this plays 
a legitimate role in progression of either disease is yet to 
be determined.

More recently, in the era of molecular genomics, a 
number of new associations are being discussed as poten-
tial mutual pathways. PTEN germline mutations have 
been recognized in multiple familial cancer syndromes, 
including a recent report of hereditary kidney cancer.64,65 
Loss of PTEN can activate mammalian target of rapamy-
cin (mTOR), which is central to RCC growth. Inhibi-
tion of mTOR has become one of the new therapeutic 
strategies for RCC.66,67 Recently, studies have suggested 
a role for PTEN deletion in a variety of lymphomas and 
lymphoid leukemias, both B-cell and T-cell, and this 
rather central pathway could be a major component of 
the association of RCC and lymphoma, and possibly 
other hematologic malignancies.68-71

In addition, certain key genes are being identified as 
important in hereditary RCC, and these are ideal targets 
to evaluate in patients with both RCC and an HM and 
in families with both diseases.72-75 Furthermore, several 
other tumor suppressor genes have been identified near 
the VHL gene, and some of these play a role in specific 
types of RCC and in hereditary RCC syndromes.75-77 
Again, these should be considered for investigation in 
patients with RCC and an HM and families with both 
neoplasms. Others have speculated that microRNA dys-
regulation of transcription can promote development of 
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several malignant phenotypes arising from similar altered 
molecular pathways (oral communication, C. M. Croce, 
MD, December 2014). 

Another recently presented hypothesis is a potential 
role of aging and the development of RCC, via a con-
nection between VHL and progerin.78 Because RCC is 
associated with older age, this concept is of interest, but it 
does not yet explain the connection to HM directly.

Finally, Guo and colleagues reported a patient with 
synchronous RCC and mantle cell lymphoma who also 
had a gastrointestinal stromal tumor.38 This patient’s 
tumors were evaluated by comparative genomic hybrid-
ization, and all of these tumors had an increase in nuclear 
staining of nuclear factor κB, suggesting activation of this 
pathway. The patient was also evaluated for activation of 
proinflammatory cytokines in the serum, many of which 
were elevated but some of which were not, such that a 
pattern could not be fully defined. The authors speculated 
that activation of common pathways may lead to diver-
gent malignancies. They could not determine whether 
the alterations developed independently in the different 
tissues or through a common inciting source. These find-
ings, however, suggest that mutual activation of aberrant 
pathways can lead to multiple tumors. 

Summary

A little-appreciated association between RCC and B-cell 
HMs has been reported for at least 20 years. Myeloid 
malignancies may be involved as well, whether treatment-
related or due to enhanced survivorship with newer treat-
ments, giving new diseases time to arise. Better molecular 
characterization of all of these diseases may lead to 
identification of common pathways that facilitate malig-
nant transformation. The clinical observations of these 
associations, which are more frequent than predicted, 
should provide impetus for further exploration of genetic 
mechanisms of neoplasia. 

Acknowledgements
This research was supported in part by the Cancer Research 
Foundation of New York in Chappaqua, New York, and the 
Children’s Leukemia Research Association in Garden City, 
New York.

Disclosures
The authors have declared no financial conflicts of interest.

References 

1. Travis LB, Curtis RE, Boice JD Jr, Hankey BF, Fraumeni JF Jr. Second cancers 
following non-Hodgkin’s lymphoma. Cancer. 1991;67(7):2002-2009.
2. Travis LB, Curtis RE, Glimelius B, et al. Second cancers among long-term sur-
vivors of non-Hodgkin’s lymphoma. J Natl Cancer Inst. 1993;85(23):1932-1937.

3. Wiernik PH. Second neoplasms in patients with chronic lymphocytic leukemia. 
Curr Treat Options Oncol. 2004;5(3):215-223.
4. Ohsawa M, Hashimoto M, Yasunaga Y, Shingu N, Aozasa K. Characteristics 
of non-Hodgkin’s lymphoma complicated by renal cell malignancies. Oncology. 
1998;55(5):482-486.
5. Anderson CM, Pusztai L, Palmer JL, Cabanillas F, Ellerhorst JA. Coincident 
renal cell carcinoma and nonHodgkin’s lymphoma: the M. D. Anderson experi-
ence and review of the literature. J Urol. 1998;159(3):714-717.
6. Tihan T, Filippa DA. Coexistence of renal cell carcinoma and malignant lymphoma. 
A causal relationship or coincidental occurrence? Cancer. 1996;77(11):2325-2331.
7. Kunthur A, Wiernik PH, Dutcher JP. Renal parenchymal tumors and lym-
phoma in the same patient: case series and review of the literature. Am J Hematol. 
2006;81(4):271-280.
8. Dutcher JP, Wiernik PH. Renal cell carcinoma and hematologic malignancy in 
the same patients [AFMR Eastern Regional Meeting]. J Investig Med. 2011;59:634.
9. Nishikubo CY, Kunkel LA, Figlin R, et al. An association between renal cell 
carcinoma and lymphoid malignancies. A case series of eight patients. Cancer. 
1996;78(11):2421-2426.
10. Kurtz JE, Andrès E, Maloisel F, Herbrecht R, Dufour P. [Renal clear-cell ade-
nocarcinoma and type B lymphomatous proliferation: a fortuitous association?]. 
Rev Med Interne. 1999;20(4):329-332.
11. Bernie JE, Albers L, Baird S, Parsons CL. Synchronous ipsilateral renal adeno-
carcinoma, transitional cell carcinoma of the renal pelvis and metastatic renal 
lymphoma. J Urol. 2000;164(3 Pt 1):773-774.
12. Shah SA, Ormerod AD, Husain A, Kohle P, Culligan D. Primary cutaneous 
CD30 (Ki-1)-positive anaplastic large cell lymphoma associated with renal cell 
carcinoma. Br J Dermatol. 1999;140(5):971-972.
13. Shah IA, Haddad FS, Gani OS, Alfsen CC. An association between renal cell 
carcinoma and lymphoid malignancies: a case series of eight patients. Cancer. 
1997;80(5):1005-1007.
14. Wang BY, Strauchen JA, Rabinowitz D, Tillem SM, Unger PD. Renal cell carci-
noma with intravascular lymphomatosis: a case report of unusual collision tumors with 
review of the literature. Arch Pathol Lab Med. 2001;125(9):1239-1241.
15. Yagisawa K, Ohno Y, Toba K, et al. [Three cases of malignant lymphoma 
accompanied by renal cell carcinoma]. Rinsho Ketsueki. 2001;42(8):616-620.
16. Barişta I. An association between renal cell carcinoma and lymphoid malignan-
cies: a case series of eight patients. Cancer. 1997;80(5):1004-1005.
17. Hanawa Y, Tanomogi H, Hasegawa S. [Renal cell carcinoma in a patient with 
malignant lymphoma: a case report]. Hinyokika Kiyo. 1999;45(12):843-845.
18. Márquez Moreno AJ, Mañas Uxó J, Amores Ramírez F, et al. [Synchronous 
chromophobe renal carcinoma and centrocytic lymphoma]. Arch Esp Urol. 
2003;56(4):415-417.
19. Takagi Y, Senda M, Tanaka J. [Renal cell carcinoma in a patient with malignant 
lymphoma: a case report]. Hinyokika Kiyo. 2000;46(8):545-547.
20. Fernandez-Pello S, Rodriguez Villamil L, Gonzalez Rodriguez I, Venta V, Cuervo J, 
Menéndez CL. Lymph node non-Hodgkin’s lymphoma incidentally discovered during 
a nephrectomy for renal cell carcinoma. World J Clin Cases. 2013;1(3):121-123.
21. Bhandari MS, Mazumder A, Jagannath S, Vesole DH. Association between 
renal cell carcinoma and plasma cell dyscrasias: a case series of six patients. Clin 
Lymphoma Myeloma. 2008;8(3):188-190.
22. Aljitawi OS, Allen M, Zhang D, Dasouki M, Abhyankar S, et al. Coexistent 
non-Hodgkin’s lymphoma and renal cell carcinoma in a patient with von Hipple-
Lindau disease: a case report. J Blood Lymph. 2012;2(1). doi:10.4172/2165-
7831.1000101.
23. Hwang SM, Kuyava JM, Grande JP, Swetz KM. Metastatic renal cell carci-
noma mimicking diverticulitis in a patient with chronic lymphocytic leukaemia. 
BMJ Case Rep. 2015;2015:bcr2014206101.
24. Sargın G, Yavasoglu I. Renal cell carcinoma and chronic lymphocytic leuke-
mia. Med Oncol. 2013;30(2):547-548.
25. Solovan C, Smiszek R, Wickenhauser C, Chiticariu E. Postoperative pyoderma 
gangrenosum in association with renal cell carcinoma and chronic lymphocytic 
leukemia. Infect Dis Ther. 2013;2(1):75-80.
26. Deeb R, Zhang Z, Ghanem T. Metastatic renal cell carcinoma to the parotid 
gland in the setting of chronic lymphocytic leukemia [published online February 
19, 2012]. Case Rep Med. doi:10.1155/2012/265708.
27. Serefhanoglu S, Buyukasik Y, Goker H, et al. Concomitant renal cell carci-
noma and lymphoid malignancies: a case series of five patients and review of the 
literature. Med Oncol. 2010;27(1):55-58.
28. Thway K, Freeman A, Woodhouse CR, Fisher C. Epithelial-stromal tumor 
of seminal vesicle in a patient with chromophobe renal cell carcinoma and small 
lymphocytic lymphoma. Ann Diagn Pathol. 2008;12(6):433-439.



Clinical Advances in Hematology & Oncology  Volume 13, Issue 6  June 2015  397

RENAL  CELL  CARC INOMA 

29. Schafernak KT, Yang XJ, Hsueh W, Leestma JL, Stagl J, Goldman S. Pediatric 
renal cell carcinoma as second malignancy: reports of two cases and a review of the 
literature. Can J Urol. 2007;14(6):3739-3744.
30. Sakai A, Kawano M, Kuramoto A. Interleukin-6 produced by renal-
cell carcinoma cells and progression of multiple myeloma. N Engl J Med. 
1991;324(26):1893-1894.
31. Prosvic P, Dulícek P, Odrázka K, et al. [Asynchronous occurrence of three neo-
plastic diseases: chronic B-cell lymphatic leukemia, renal carcinoma and prostatic 
adenocarcinoma]. Rozhl Chir. 2003;82(11):583-586.
32. Licci S, Brenna A, Abbate I, Ascani S. The association between non-Hodgkin 
lymphoma and renal cell carcinoma in an HIV-positive patient: clinico-pathologi-
cal features and pathogenic implications. Am J Hematol. 2008;83(9):759.
33. Dinçol D, Arican A, Ensari A, Akyar S, Bedük Y, Cengiz A. Concurrent 
occurrence of three neoplasms including non-Hodgkin’s lymphoma, renal cell 
carcinoma and leiomyoma in the same kidney. Med Oncol. 1999;16(2):134-138.
34. Uehara E, Tasaka T, Matsuhashi Y, et al. [Adrenal gland lymphoma accompa-
nied by renal cell carcinoma]. Rinsho Ketsueki. 2001;42(9):710-712.
35. Lolli E, Matteoni R, Barbieri A, D’Ambrosi M, Archontakis F. [Non-Hodg-
kin’s lymphoma, renal carcinoma, and meningioma. A clinical case]. Ann Ital Chir. 
1998;69(1):101-104.
36. Mohren M, Essbach U, Franke A, et al. Acute myelofibrosis in a patient with 
diffuse large cell non Hodgkin’s lymphoma and renal cancer. Leuk Lymphoma. 
2003;44(9):1603-1607.
37. Ceres F, Rivera F, Yagüe JL, et al. [Non-Hodgkin lymphoma, IgA nephropathy 
and renal cell carcinoma]. Nefrologia. 2003;23(6):554-557.
38. Guo R, Chang L, Liu Z, et al. Canonical nuclear factor κB pathway links 
tumorigenesis of synchronous mantle-cell lymphoma, clear-cell renal-cell carci-
noma, and GI stromal tumor. J Clin Oncol. 2011;29(10):e257-e261.
39. Choueiri TK, Baz RC, McFadden CM, et al. An association between renal cell 
carcinoma and multiple myeloma: a case series and clinical implications. BJU Int. 
2008;101(6):712-715.
40. Wu WW, Chu JT, Nael A, Rezk SA, Romansky SG, Shane L. Thyroid-like 
follicular carcinoma of the kidney in a young patient with history of pediatric 
acute lymphoblastic leukemia [published online July 15, 2014]. Case Rep Pathol. 
doi:10.1155/2014/313974.
41. Czarnecka AM, Oborska S, Rzepecki P, Szczylik C. Development of chronic 
myeloid leukaemia in patients treated with anti-VEGF therapies for clear cell renal 
cell cancer. Future Oncol. 2015;11(1):17-26.
42. Labno-Kirszniok K, Nieszporek T, Wiecek A, Helbig G, Lubinski J. Acute 
myeloid leukemia in a 38-year-old hemodialyzed patient with von Hippel-Lindau 
disease. Hered Cancer Clin Pract. 2013;11(1):11.
43. Varoglu E, Kaya B, Sari O. Chronic myeloid leukemia detected on FDG PET/
CT imaging in a patient with renal cell carcinoma. Rev Esp Med Nucl Imagen Mol. 
2013;32(1):43-45.
44. Scott M, Lawrance J, Dennis M. Regression of a renal cell carcinoma following 
allogeneic peripheral blood stem cell transplant for acute myeloid leukaemia: evi-
dence of a graft-versus-tumour effect without significant graft-versus-host disease. 
Br J Haematol. 2012;159(1):1.
45. Al-Najjar F, Jarkowski A III. Treatment of concurrent metastatic renal cell car-
cinoma and chronic myelogenous leukemia--easier said than done? A case report. 
J Oncol Pharm Pract. 2011;17(4):436-439.
46. Pal SK, Gupta RK, Dosik G, Figlin RA. Concomitant renal cell carcinoma 
and chronic myelogenous leukemia: use of a targeted approach. Curr Oncol. 
2009;16(2):44-47.
47. Parajuli R, Altman J, Kuzel T, Perdekamp M, Tallman M. Renal cell carcinoma 
and acute promyelocytic leukemia: a nonrandom association? Am J Hematol. 
2010;85(10):829.
48. Huang FS, Zwerdling T, Stern LE, Ballard ET, Warner BW. Renal cell carci-
noma as a secondary malignancy after treatment of acute promyelocytic leukemia. 
J Pediatr Hematol Oncol. 2001;23(9):609-611.
49. Newton R, Ferlay J, Beral V, Devesa SS. The epidemiology of non-
Hodgkin’s lymphoma: comparison of nodal and extra-nodal sites. Int J Cancer. 
1997;72(6):923-930.
50. Di Leonardo G, Ginaldi L, De Martinis M, Stati M, Quaglino D. [Extranodal 
localizations of lymphoma. Clinico-epidemiologic study of 353 cases]. Recenti Prog 
Med. 2000;91(10):500-506.
51. Padhi S, Paul TR, Challa S, et al. Primary extra nodal non Hodgkin lymphoma: 
a 5 year retrospective analysis. Asian Pac J Cancer Prev. 2012;13(10):4889-4895.
52. Verma D, Kantarjian H, Strom SS, et al. Malignancies occurring during ther-
apy with tyrosine kinase inhibitors (TKIs) for chronic myeloid leukemia (CML) 
and other hematologic malignancies. Blood. 2011;118(16):4353-4358.

53. Alexandrescu DT, Wiernik PH. The influence of parental age and gender on 
anticipation in familial B-cell malignancies. Med Oncol. 2007;24(1):55-62.
54. Wiernik PH, Hu X, Ratech H, et al. Non-Hodgkin’s lymphoma in women 
with breast cancer. Cancer J. 2000;6(5):336-342.
55. Etkind P, Du J, Khan A, Pillitteri J, Wiernik PH. Mouse mammary tumor 
virus-like ENV gene sequences in human breast tumors and in a lymphoma of a 
breast cancer patient. Clin Cancer Res. 2000;6(4):1273-1278.
56. Etkind PR, Stewart AFR, Dorai T, Purcell DJ, Wiernik PH. Clonal isolation of 
different strains of mouse mammary tumor virus-like DNA sequences from both 
the breast tumors and non-Hodgkin’s lymphomas of individual patients diagnosed 
with both malignancies. Clin Cancer Res. 2004;10(17):5656-5664.
57. Varella L, Chintapatla R, Wiernik PH, Dutcher JP. Association of renal cell 
carcinoma and hematologic malignancies. Br J Urol. 2012;110(suppl 2):10-11.
58. Chintapatla R, Varella L, Wiernik P, Rusciano V, Dutcher J. Association of 
renal cell carcinoma and B-cell hematologic malignancy [ASH abstract 5086]. 
Blood. 2012;120(21)(suppl).
59. Varella L, Chintapatla R, Wiernik PH, Rusciano V, Dutcher JP. Association of 
renal cell carcinoma and hematologic malignancies [ASCO GU abstract 449]. J 
Clin Oncol. 2013;31(6)(suppl):204.
60. Sakai T, Ogura Y, Narita J, et al. Simultaneous early adenocarcinoma and 
mucosa-associated lymphoid tissue (MALT) lymphoma of the stomach associated 
with Helicobacter pylori infection. Gastric Cancer. 2003;6(3):191-196.
61. Anglard P, Tory K, Brauch H, et al. Molecular analysis of genetic changes in the 
origin and development of renal cell carcinoma. Cancer Res. 1991;51(4):1071-1077.
62. Reiter RE, Anglard P, Liu S, Gnarra JR, Linehan WM. Chromosome 17p deletions 
and p53 mutations in renal cell carcinoma. Cancer Res. 1993;53(13):3092-3097.
63. Alqahtani MH, Hammond DW, Goepel JR, Goyns MH. Cytogenetic 
analysis of non Hodgkin’s lymphomas by ratio-painting and comparative genomic 
hybridization reveals unsuspected chromosomal abnormalities. Leuk Lymphoma. 
1999;35(3-4):325-337.
64. Mester JL, Moore RA, Eng C. PTEN germline mutations in patients initially 
tested for other hereditary cancer syndromes: would use of risk assessment tools 
reduce genetic testing? Oncologist. 2013;18(10):1083-1090.
65. Shuch B, Ricketts CJ, Vocke CD, et al. Germline PTEN mutation Cowden 
syndrome: an underappreciated form of hereditary kidney cancer. J Urol. 
2013;190(6):1990-1998.
66. Hudes G, Carducci M, Tomczak P, et al; Global ARCC Trial. Temsiroli-
mus, interferon alfa, or both for advanced renal-cell carcinoma. N Engl J Med. 
2007;356:2271-2281.
67. Motzer RJ, Escudier B, Oudard S, et al; RECORD-1 Study Group. Efficacy of 
everolimus in advanced renal cell carcinoma: a double-blind, randomised, placebo-
controlled phase III trial. Lancet. 2008;372(9637):449-456.
68. Musilova K, Mraz M. MicroRNAs in B-cell lymphomas: how a complex biol-
ogy gets more complex. Leukemia. 2015. epub ahead of print.
69. Papadavid E, Korkolopoulou P, Levidou G, et al. In situ assessment of PI3K 
and PTEN alterations in mycosis fungoides: correlation with clinicopathological 
features. Exp Dermatol. 2014;23(12):931-933.
70. Cristofoletti C, Picchio MC, Lazzeri C, et al. Comprehensive analysis of 
PTEN status in Sezary syndrome. Blood. 2013;122(20):3511-3520.
71. Pfeifer M, Grau M, Lenze D, et al. PTEN loss defines a PI3K/AKT pathway-
dependent germinal center subtype of diffuse large B-cell lymphoma. Proc Natl 
Acad Sci U S A. 2013;110(30):12420-12425.
72. Singer EA, Bratslavsky G, Middelton L, Srinivasan R, Linehan WM. Impact 
of genetics on the diagnosis and treatment of renal cancer. Curr Urol Rep. 
2011;12(1):47-55.
73. Shuch B, Vourganti S, Ricketts CJ, et al. Defining early-onset kidney cancer: 
implications for germline and somatic mutation testing and clinical management. 
J Clin Oncol. 2014;32(5):431-437.
74. Farley MN, Schmidt LS, Mester JL, et al. A novel germline mutation in 
BAP1 predisposes to familial clear-cell renal cell carcinoma. Mol Cancer Res. 
2013;11(9):1061-1071.
75. Brugarolas J. Molecular genetics of clear-cell renal cell carcinoma. J Clin Oncol. 
2014;32(18):1968-1976.
76. Wang S-S, Gu Y-F, Wolff N, et al. Bap1 is essential for kidney function 
and cooperates with Vhl in renal tumorigenesis. Proc Natl Acad Sci U S A. 
2014;111(46):16538-16543.
77. Jung Y-S, Lee S-J, Lee S-H, et al. Loss of VHL promotes progerin expression, 
leading to impaired p14/ARF function and suppression of p53 activity. Cell Cycle. 
2013;12(14):2277-2290.
78. Kennedy BK. A new connection between VHL and cancer threads through 
progerin. Cell Cycle. 2013;12(17):2721-2722.


