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ABSTRACT
Malignancies transmitted to recipients during solid organ transplants carry significant morbidity
and mortality. We present 2 cases of adenocarcinoma of donor lung origin transmitted via liver
and kidney transplant from a single donor. Both recipients developed metastatic adenocarcinoma
of lung origin with p.L858R mutation in the epidermal growth factor receptor gene and a micro-
satellite signature of donor origin. Osimertinib was trialed in the liver recipient; however, it was
discontinued because of hepatotoxicity and disease progression. Standard donor screening proto-
cols limit malignancy transmission but do not include multicancer detection assays. As these
technologies evolve, they may be implemented in donor screening.

DONOR-TRANSMITTED malignancy (DTM) is a tumor
or tumors transmitted to the recipient during transplant.

The United Network for Organ Sharing suggests the incidence is
2 per 10 000 [1,2]. Most originate from kidney and liver allog-
rafts [3] and carry significant morbidity and mortality. Preventive
strategies include donor history and, in living donors, using
screening guidelines from the American Cancer Society and the
United States Preventive Services Task Force [4]. Malignancy is
not a contraindication to donation, but the transmission risk
varies concerning the type and stage of cancer [5]. We present 2
cases of DTM from a single donor and discuss implications for
new cancer screening and surveillance technologies.

CASE 1

Consent for participation was obtained from 1 of the recipi-
ents and from the family of the deceased recipient. A 66-
year-old woman received a liver transplant due to nonalco-
holic steatohepatitis and hepatocellular carcinoma. Nine
months posttransplant, she presented with fatigue, diarrhea,
acute kidney injury, and liver dysfunction. Multiple liver
lesions were seen on magnetic resonance imaging (Fig 1),
and increased fluorodeoxyglucose-avidity was observed on
positron emission tomography/computed tomography.
Biopsy demonstrated adenocarcinoma positive for cytokera-
tin 7, thyroid transcription factor 1, and Napsin-A,

suggesting lung origin (Fig 2). Her carcinoembryonic anti-
gen level was elevated as well. Microsatellite instability
(MSI) analysis (Fig 3) matched donor tissue, and molecular
profiling revealed epidermal growth factor receptor p.L858R
mutation. Osimertinib was initiated, but within 2 weeks, she
progressed and transitioned to hospice.

CASE 2

A 54-year-old woman received a deceased donor kidney
transplant because of diabetes mellitus. She was hospitalized
twice within the following 18 months, once for Escherichia
coli bacteremia and the second for COVID-19. At 21
months posttransplant, she presented with shortness of
breath, fatigue, edema, elevated urine protein, and acute kid-
ney injury with a creatinine level of 1.7 mg/dL. Renal ultra-
sound of the transplanted kidney did not demonstrate any
abnormalities. Allograft biopsy showed active chronic T
cell-mediated rejection and adenocarcinoma. The serum car-
cinoembryonic antigen level was significantly elevated, and
computed tomography of the abdomen and pelvis revealed
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retroperitoneal adenopathy (Fig 4). Lymph node biopsy
demonstrated metastatic adenocarcinoma. As in case 1,
immunohistochemistry demonstrated positivity for CK7,
thyroid transcription factor 1, and Napsin-A (Fig 2); MSI
analysis matched the donor (Fig 3). A p.L858R epidermal
growth factor receptor mutation was present as well. Allo-
graft nephrectomy was discussed; however, this was felt to
be futile because of the presence of metastatic disease. The
patient was discharged and relocated to another state.

DISCUSSION
Diagnosis and Treatment of Donor Transmitted Malignancy

If DTM is suspected, the origin of the tumor can be con-
firmed by MSI analysis [6−8]. In cases where the biological
sex of the donor and recipient differs, the presence or
absence of a Y chromosome by fluorescence in situ

hybridization may be able to verify the origin of the tissue.
Once confirmed, management depends on the organ
involved and the presence of metastatic disease. If detected
early, options include discontinuing immunosuppression
and/or graft removal and retransplant [9,10]. This option is
more practical in kidney transplantation since dialysis can
be used for support in the intermin. In organs with no extra-
corporeal replacement therapies, the transplanted organ must
be left in place, and immunosuppression is continued until a
replacement organ is found.
In the case of our liver recipient, the allograft was left in place,

immunosuppression continued, and osimertinib was trialed. Unfor-
tunately, this was discontinued because of hepatotoxicity and dis-
ease progression. We identified 1 case report of DTM to the liver
where yttrium90 radioembolization was used [11]. Yttrium90 is
used to treat hepatocellular carcinoma and metastatic disease of the
liver [12]. The patient had a poor clinical response in the referenced

Fig 1. (A) Contrast magnetic resonance T1-weighted imaging (left) performed shortly after biopsy shows geographic areas of altered
enhancement but no focal mass. Diffusion-weighted imaging (right) from the same examination reveals subtle foci of restricted diffusion
concealed in these areas of fatty infiltration consistent with micro-tumor deposits too small to be detected by computed tomography or
ultrasound because of superimposed steatohepatitis. (B) Contrast-enhanced T1-weighted (left) and diffusion weighted (right) magnetic
resonance images from examination 2 months after initial diagnosis shows findings of significant disease progression including numer-
ous hypoenhancing and diffusion restricted liver lesions (thin arrows) as well as enhancing vertebral body metastasis (wide arrow) and
upper abdominal lymphadenopathy (*).
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case and passed away. In our renal transplant recipient, kidney
removal was not performed because of the presence of metastases.

Implications for Multicancer Detection Techniques

Current practices exclude cancer via history, physical, and
examination of internal organs during procurement. Tumors
such as breast, melanoma, choriocarcinoma, colon, leukemia,
and lymphoma have higher transmission rates because of their
aggressive clinical nature [3,5]. Given organ scarcity, excep-
tions can be made for early-breast carcinoma (T1a/T1b) or T1
colon carcinoma in remission for at least 10 years [5]. Low-
grade central nervous system tumors harbor low transmission
rates; however, donation is not recommended if ventriculoperi-
toneal shunt, resection, chemotherapy, or radiation therapy has
been performed. History should be obtained from family mem-
bers, and any prior pathology should be reviewed for deceased
donors. Attention should be given to donors with cerebral
hemorrhage because some cases were later found to be due to
intracranial metastases or aggressive central nervous system
tumors [3].
Proposals for augmented cancer screening in solid organ

transplantation focus on recipients because their risk of de novo
malignancy is estimated to be 2- to 4-fold higher than the gen-
eral population [12,13]. Chronic immunosuppression and
decreased immune surveillance play roles in increased risk of

de novo malignancy [14]. It is postulated there will be increased
indolent malignancies in the donor pool because of increased
life expectancy and donations in older people [15]. Also, tradi-
tional screening methods have a low yield. For example, colo-
noscopies have a yield of approximately one-half percent
[4,16].
The risk-benefit ratio of cancer screening methods should

be reevaluated given the availability of modern technologies
[17], such as multicancer detection assays that analyze
circulating cell-free DNA and circulating tumor DNA
(ctDNA) [18]. Some companies, such as Grail and Thrive,
offer early multicancer detection assays [19]. These tests are
currently not approved by the Food and Drug Administra-
tion and are not without their limitations. First is the timing
and availability of results. Samples must be sent to special-
ized laboratories; obtaining results takes weeks [20].
Although ctDNA could be used to screen living donors, the
current processing time is impractical for deceased donors,
representing the largest donor pool [21]. Also, the sensitiv-
ity in early-stage disease is underwhelming, though advan-
ces in future technology could overcome this [22]. One
attempt to improve yield is identifying high-risk popula-
tions, as done in the SUMMIT trial, which evaluated the
development of lung cancer in high-risk individuals with
substantial smoking history [23]. Studies such as STRIVE
(NCT03085888) and AI-EMERGE (NCT03688906) are

Fig 2. Histopathology liver biopsy in liver transplant recipient and retroperitoneal lymph node biopsy in kidney recipient. (A) Hematoxylin
and eosin stain and thyroid transcription factor 1 immunohistochemistry (B) of liver biopsy. (C) Hematoxylin and eosin stain and thyroid
transcription factor 1 immunohistochemistry (D) of lymph node.
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ongoing, evaluating cell-free DNA’s role in early detection.
Another application of ctDNA is surveillance for minimal
residual disease [24]. These assays can detect recurrence
months before imaging [25−27] and could be used in recip-
ients or donors with a history of malignancy.

CONCLUSIONS

Donor-transmitted malignancy is rare but carries significant
morbidity and mortality. Current guidelines limit these
events by reviewing medical records, applying data on the
risk of transmission, and physical examination of abdominal
and thoracic viscera during procurement. As the donor pool
increases in age, the incidence of DTMs may increase, and
novel technologies such as ctDNA may augment eligible
donors’ screening and risk stratification. Although promis-
ing, these tools must be validated before integration into
practice.

Fig 3. Microsatellite instability analysis of adenocarcinoma of liver recipient compared with normal donor tissue and adenocarcinoma of
retroperitoneal lymph node biopsy from kidney recipient. (A) Electropherogram from adenocarcinoma detected in liver biopsy from liver
transplant recipient. (B) Electropherogram of normal gall bladder tissue obtained from donor. (C) Electropherogram of adenocarcinoma
obtained from retroperitoneal lymph node biopsy of kidney recipient.

Fig 4. Noncontrast axial imaging on computed tomography dem-
onstrates abnormal retroperitoneal lymphadenopathy including a
left para-aortic lymph node (arrow) with abnormally thickened cor-
tex and infiltration into the surrounding fat.

1891



DATA AVAILABILITY

No data was used for the research described in the article.

DECLARATION OF COMPETING INTEREST

A.A. reports administrative support was provided by the Uni-
versity of Missouri−Kansas City. The authors declare that they
have no known competing financial interests or personal rela-
tionships that could have appeared to influence the work
reported in this paper.

REFERENCES

[1] Myron Kauffman H, McBride MA, Cherikh WS, Spain PC,
Marks WH, Roza AM. Transplant tumor registry: donor related malig-
nancies. Transplantation 2002;74:358–62.

[2] NOTIFY. Notify exploring vigilance notification for organs,
tissues and cells. Bologna, Italy: Editrice compositori; 2011.

[3] Buell JF, Beebe TM, Trofe J, Gross TG, Alloway RR, Hanaway
MJ, et al. Donor transmitted malignancies. Ann Transplant 2004;9:53–6.

[4] Barsouk A, Saginala K, Aluru JS, Rawla P, Barsouk A. US
cancer screening recommendations: developments and the impact of
COVID-19. Med Sci (Basel) 2022;10(1).

[5] Nalesnik MA, Woodle ES, Dimaio JM, Vasudev B, Teperman
LW, Covington S, et al. Donor-transmitted malignancies in organ trans-
plantation: assessment of clinical risk. Am J Transplant 2011;11:1140–7.

[6] Pfeiffer H, Ortmann C, Klein A, Brinkmann B. Origin of hepa-
tocellular carcinoma recurring after allotransplantation revealed by
microsatellite analysis. J Clin Pathol 1997;50:792–4.

[7] G!omez-Rom!an JJ, Del Valle CE, Zarrabeitia MT, Martínez JC,
Go~ni FZ, Lera RM, et al. Recurrence of bronchioloalveolar carcinoma
in donor lung after lung transplantation: microsatellite analysis demon-
strates a recipient origin. Pathol Int 2005;55:580–4.

[8] Ng IOL, Shek TWH, Thung SN, YeMMQ, Lo CM, Fan ST, et al.
Microsatellite analysis in post-transplantation lymphoproliferative disorder
to determine donor/recipient origin. Modern Pathol 2000;13:1180–5.

[9] Florman S, Bowne W, Kim-Schluger L, Sung MW, Huang R,
Fotino M, et al. Unresectable squamous cell carcinoma of donor origin
treated with immunosuppression withdrawal and liver retransplantation.
Am J Transplant 2004;4:278–82.

[10] Detry O, Honore P, Jacquet N, Meurisse M. Management
of recipients of hepatic allografts harvested from donors with
malignancy diagnosed shortly after transplantation. Clin Transplant
1998;12:579.

[11] Kim B, Woreta T, Chen PH, Limketkai B, Singer A, Dagher N,
et al. Donor-transmitted malignancy in a liver transplant recipient: a
case report and review of literature. Dig Dis Sci 2013;58:1185–90.

[12] Lee EJ, Chung HW, Jo JH, So Y. Radioembolization for the
treatment of primary and metastatic liver cancers. Nucl Med Mol Imag-
ing 2019;53:367–73.

[13] Engels EA. Cancer in solid organ transplant recipients: there is
still much to learn and do. Am J Transplant 2017;17:1967–9.

[14] Gutierrez-Dalmau A, Campistol JM. Immunosuppressive ther-
apy and malignancy in organ transplant recipients: a systematic review.
Drugs 2007;67:1167–98.

[15] Garrido G, Matesanz R. The Spanish National Transplant
Organization (ONT) Tumor Registry. Transplantation 2008;85(8S).

[16] Bretthauer M, Kaminski MF, Løberg M, Zauber AG, Regula J,
Kuipers EJ, et al. Population-based colonoscopy screening for colorectal
cancer: a randomized clinical trial. JAMA Intern Med 2016;176:894–902.

[17] Clarke CA, Hubbell E, Kurian AW, Colditz GA, Hartman A-R,
Gomez SL. Projected reductions in absolute cancer−related deaths from
diagnosing cancers before metastasis, 2006-2015. Cancer Epidemiol
Biomarkers Prevent 2020;29:895–902.

[18] Hackshaw A, Clarke CA, Hartman AR. New genomic technol-
ogies for multi-cancer early detection: rethinking the scope of cancer
screening. Cancer Cell 2022;40:109–13.

[19] Holdenrieder S, Ungerer V, Oberhofer A, Bronkhorst AJ. Pan-
cancer screening by circulating tumor DNA (ctDNA) − recent break-
throughs and chronic pitfalls. J Lab Med 2022;46:247–53.

[20] Jamshidi A, Liu MC, Klein EA, Venn O, Hubbell E, Beausang
JF, et al. Evaluation of cell-free DNA approaches for multi-cancer early
detection. Cancer Cell 2022;40:1537–49.

[21] Saidi RF, Markmann JF, Jabbour N, Li Y, Shah SA, Cosimi
AB, et al. The faltering solid organ donor pool in the United States
(2001-2010). World J Surg 2012;36:2909–13.

[22] Cescon DW, Bratman SV, Chan SM, Siu LL. Circulating
tumor DNA and liquid biopsy in oncology. Nat Cancer 2020;1:276–90.

[23] Dickson JL, Bhamani A, Quaife SL, Horst C, Tisi S, Hall H,
et al. The reporting of pulmonary nodule results by letter in a lung can-
cer screening setting. Lung Cancer 2022;168:46–9.

[24] Peng Y, Mei W, Ma K, Zeng C. Circulating tumor DNA and
minimal residual disease (MRD) in solid tumors: current horizons and
future perspectives. Front Oncol 2021;11:763790.

[25] Hou JY, Chapman JS, Kalashnikova E, Pierson W, Smith-
McCune K, Pineda G, et al. Circulating tumor DNA monitoring for
early recurrence detection in epithelial ovarian cancer [e-pub ahead of
print]. Gynecol Oncol 2022 accessed August 22, 2023. doi: 10.1016/j.
ygyno.2022.09.004.

[26] Christensen E, Birkenkamp-Demtr€oder K, Sethi H, Shchegrova
S, Salari R, Nordentoft I, et al. Early detection of metastatic relapse and
monitoring of therapeutic efficacy by ultra-deep sequencing of plasma
cell-free DNA in patients with urothelial bladder carcinoma. J Clin
Oncol 2019;37:1547–57.

[27] Chakrabarti S, Xie H, Urrutia R, Mahipal A. The promise of
circulating tumor DNA (ctDNA) in the management of early-stage
colon cancer: a critical review. Cancers 2020;12(10).

1892

http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0001
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0001
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0001
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0002
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0002
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0003
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0003
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0004
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0004
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0004
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0005
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0005
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0005
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0006
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0006
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0006
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0007
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0007
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0007
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0007
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0007
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0007
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0007
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0008
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0008
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0008
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0009
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0009
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0009
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0009
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0010
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0010
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0010
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0010
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0011
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0011
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0011
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0012
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0012
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0012
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0013
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0013
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0014
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0014
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0014
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0015
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0015
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0016
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0016
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0016
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0017
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0017
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0017
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0017
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0018
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0018
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0018
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0019
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0019
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0019
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0020
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0020
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0020
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0021
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0021
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0021
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0022
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0022
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0023
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0023
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0023
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0024
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0024
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0024
https://doi.org/10.1016/j.ygyno.2022.09.004
https://doi.org/10.1016/j.ygyno.2022.09.004
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0026
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0026
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0026
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0026
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0026
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0026
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0027
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0027
http://refhub.elsevier.com/S0041-1345(23)00543-2/sbref0027

	Transmission of Lung Adenocarcinoma From a Single Donor in 2 Transplant Recipients: A Case Report With Literature Review
	Case 1
	Case 2
	Discussion
	Diagnosis and Treatment of Donor Transmitted Malignancy
	Implications for Multicancer Detection Techniques

	Conclusions
	Data availability
	Declaration of Competing Interest
	References


