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ABSTRACT
Primitive neuroectodermal tumor (PNET) is a highly aggressive small round cell 

tumor but is extremely rare in the lung. Next-generation sequencing (NGS) has led 
to breakthroughs for genetic analyses and personalized medicine approaches for 
cancer treatment. We report the case of a 30-year-old woman with an advanced 
pulmonary PNET treated with multiple chemotherapeutic regimens, and achieved a 
partial response (PR) as a best response. However, there was a disease progression 
after these treatment regimens. The NGS revealed the presence of a copy number loss 
(CNL) of Von Hippel-Lindau (VHL), CDKN2A/B and TP53 genes. The specific VHL CNL 
has not previously been associated with PNET, but has been reported in other tumors 
and has been associated with response to Sunitinib. Sunitinib was then instituted 
for this patient and resulted in PR after the failure of multiple chemotherapeutic 
regimens. To our knowledge, this is the first report of pulmonary PNET with CNL of 
VHL gene that benefits from Sunitinib treatment. This case illustrates the potential of 
clinical NGS  to open unexpected avenues for treatment and thereby improve patient 
outcomes.

INTRODUCTION

Primitive neuroectodermal tumors (PNET) are rare 
malignant tumors with poor prognosis, which usually 
arise from the primitive nerve cells of the nervous 
system [1]. PNETs occurring outside the central nervous 
system are commonly referred to as peripheral PNETs 
[2-3]. PNETs arising from the lung parenchyma without 
pleural or chest wall involvement are rare [4]. Though the 
occurrence of pulmonary PNET is rare, these are highly 
aggressive malignant tumors and metastasize rapidly 
with poor prognosis due to limited therapeutic options 
[5]. Importantly, targeted therapies for PNET remain 
unproven.

In recent years, there is increasing interest in using 
individual genetic information to guide cancer treatment, 
although standard treatment options exist for many cancers 
[6]. It is possible now to use the genetic changes present in 
the tumor detected by next-generation sequencing (NGS) 
to guide the selection of target therapies [4]. It is especially 

useful in treatment-refractory patients for which standard 
therapeutic options have failed. We herein present a case 
of pulmonary PNET in which NGS exhibited a therapeutic 
target of Von Hippel-Lindau (VHL) copy number loss 
(CNL) that failed multiple chemotherapy regimens and 
argon-helium knife cryosurgery. Therapy directed against 
the target gene CNL resulted in a partial response (PR) 
of previously progressive disease (Figure 1). To the best 
of our knowledge, this is the first case report of primary 
pulmonary PNET with VHL gene CNL that benefits from 
Sunitinib treatment.

CASE REPORT

Presenting concerns

A thirty years old woman was admitted to the 
Affiliated Tumor Hospital of Harbin Medical University in 
July 2014 with the complaints of chest tightness, shortness 
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of breath and chest pain of ten-day duration. She denied 
smoking and had no family history of malignancies. 
She had no other complaints and her past history was 
unremarkable. Tumor biomarker tests (alpha fetoprotein, 
antigen 19-9, carcinoembryonic antigen, prostate-specific 
antigen, Cytokeratin 19 Fragment, carbohydrate antigen 
24-2, squamous cell carcinoma antigen, and neuron-
specific enolase) were all normal on admission, as were 
the baseline serum chemistry screening, peripheral blood 
count and the urinalysis.

Diagnostic focus and assessment

Chest computed tomography (CT) scan (July-
31, 2014) revealed a heterogenous mass that measured 
105.54 mm in longest diameter in the left lower lobe lung 
with pleural effusion and left lower lobe collapse (Figure 
2A). Enhanced CT showed the mass obviously enhanced 
with heterogeneous density and obscure boundary. There 
were some areas of necrosis within the mass and it was 
extending up to the pleural surface. To establish the 
pathological diagnosis, a CT-guided biopsy of the mass 
was performed and sent for pathological evaluation. 

The histopathologic results showed small, round tumor 
cells that exhibited mild morphology; arranged in 
cords and embedded in fibrous tissue (Figure 3A). The 
immunostaining showed positive expression of vimentin, 
CD99, synaptophysin (Syn), friend leukemia integration 
1 transcription factor (Fli-1) and NSE (Figure 3B), and 
negative expression of Chromogranin A (CgA) (Figure 
3C), cytokeratin 7 (CK7), protein S-100 (S-100), thyroid 
transcription factor 1 (TTF-1), CD56, CD20, CD3, CD10, 
and p63 (Figure S1).

Therapeutic focus and assessment

The patient was initially treated with traditional 
chemotherapeutic regimen that consisted of cisplatin/
paclitaxel (CP, cisplatin 270mg/m2 and paclitaxel 60mg/
m2) and once intrapleural perfusion of bevacizumab 
(200mg) and then five additional cycles of CP alone. 
Chest CT scan was taken after every 2 cycles of CP 
treatment, which showed the regimen was effective 
(Figure 2B and 2C). After 6 cycles of CP treatment, the 
mass measured 47.90 mm on CT (Dec 23, 2014), which 
indicated a 54.61% decrease compared with baseline, and 

Figure 1: Time line of patient’s pulmonary PNET diagnosis, treatment, and response. Colored rectangles near the time line 
represent durations of chemotherapy (green, blue, red) and targeted therapy (yellow). Original magnification, ×200. Dx, diagnosis.
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met the RECIST (Response Evaluation Criteria in Solid 
Tumors) criteria for a partial response (PR) (Figure 2D). 
Argon-helium knife cryosurgery was then performed (Dec 
26, 2014) however, multiple metastases were detected 
two months after the surgery (Jan 29, 2015). Chest CT 
scan (Feb 26, 2015) indicated clear evidence of disease 
progression, with left pleural metastases, left pleural 
effusion, mediastinal lymphadenopathy, and invasion 
of back muscles and ribs. As a cryosurgery has been 
performed on the main lesion, we then choose three main 
pleural metastases as targeted lesions (Figure 4A). Since 
progressive disease was apparent, the chemotherapy 
regimen was changed to nedaplatin/gemcitabine (NG, 
nedaplatin 60mg/m2 and gemcitabine). After 2 cycles of 
NG treatment, chest CT scan (Apr 22, 2015) revealed that 
the disease continued to progress (Figure 4B). The regimen 
was then changed to the third line nedaplatin/albumin-
bound paclitaxel (NP, nedaplatin 60mg/m2 and albumin-
bound paclitaxel 200mg/m2) therapy subsequently. Chest 
CT scan (July 21, 2015) after 4 cycles of NP treatment 
suggested a stable disease (SD) (Figure 4C). However, the 
regimen was discontinued because of severe neurotoxicity.

To explore the genomic profiling of the target lesion 
for target therapy, CT-guided biopsy of the tumor was 
performed, the tissue specimen and matched blood sample 
were sent for NGS panel after consent obtained from 
the patient and his family (May 22, 2015). We detected 
all genomic alteration types, including deletions and 
insertions, base substitutions and copy number alterations 
on over 390genes commonly associated with cancers 
(Table S1). The genomic profile of the tumor revealed 
CNL of VHL, CDKN2A/B and TP53 genes (Figure 5). 
Since there was a CNL of VHL gene in this patient, it was 
reasonable to use bevacizumab, sorafenib or Sunitinib for 
target therapy. Given the disease progressed after multiple 
lines of chemotherapies potentially actionable VHL CNL, 
the patient was started on Sunitinib treatment (Jul-21, 
2015). CT scan (Aug 18, 2015) indicated a SD by RECIST 

with a 14.12% decrease in the sum of longest diameters 
of the target lesions compared with the baseline of July 
21 (Figure 3C →Figure 6A), and the chest pain relieved 
significantly. After three months of Sunitinib therapy, 
CT scan showed a PR (Oct 9, 2015) by RECIST, with 
a 32.4% decrease in the sum of longest diameters of the 
target lesions (Figure 3C →Figure 6B). And the Sunitinib 
therapy achieved a confirmed PR on Nov 13, 2015 (M1 
lesion 43.13→23.01mm; M2 lesion 80.63→58.66mm; 
M3 lesion 67.05→38.96mm; Figure 3C→Figure 6C). 
However, the regimen was discontinued because of severe 
toxicity, including bone marrow suppression (Grade IV) 
and hemorrhage. The patient’s mental status and physical 
status worsened day by day. About three months after the 
stop of the Sunitinib treatment, the patient died. 

Furthermore, we have reviewed the literatures of 
primary pulmonary PNETs in Table S2 [7-19]. There 
were less than 30 PNET cases reported in the literatures. 
Presenting symptoms included cough, chest pain, dyspnea, 
and hemoptysis [4]. The diagnosis was usually made based 
on the typical morphological appearance characterized by 
a homogeneous population of closely packed small blue 
round cells and occasional Homer-Wright-type rosettes 
[8]. Histochemical and immunohistochemical studies 
were performed to confirm the diagnosis by demonstrating 
positivity of tumor cells with CD99, vimentin, NSE, and 
occasional periodic acid Schiff reactivity [10-16]. There 
were 13 cases with the overall survival in these 24 cases, 
ranging from 1 to 54 months, while 9 patients were still 
alive with a follow up ranging from 9 to 34 months. 
Seventeen cases underwent resection plus adjuvant 
chemotherapy or neoadjuvant chemotherapy. 

DISCUSSION

PNET is an group of tumors comprised of small 
round cells, and remote metastases and local recur rence 
are common [20]. PNET is usually diagnosed by histologic 

Figure 2: Chest CT scans documenting responses to cisplatin and paclitaxel (CP) chemotherapy. A. Chest CT at the initial 
presentation reveals showing a pace-occupying mass in the left lung (July 31, 2014). Chest CT scan was taken after every two cycles of CP 
B. and C. After six cycles of CP treatment, CT image showing a PR (Dec 23, 2014) by RECIST D..
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Figure 3: Histologic features of the pulmonary PNET. A. Hematoxylin-eosin (H&E) staining of the primary pulmonary primitive 
neuroectodermal tumor. B. and C. Immunohistochemistry staining of the primary tumor with different antibodies, such as anti-CD99, 
vimentin, NSE, synaptophysin (Syn), friend leukemia integration 1 transcription factor (Fli-1) and chromogranin A (CgA). 
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and immunohistochemical analysis. It was histologically 
composed of small round cells with scanty cytoplasm [13-
16]. The chromosomal translocation t (11;22) (q24;q12) 

is an additional firm diagnostic criterion. For the patient, 
as the staining of NSE, CD99, and vimentin was positive 
and the diagnosis of PNET was confirmed. As reported, 

Figure 4: Chest CT scans documenting responses to nedaplatin and gemcitabine (NG) and nedaplatin and albumin-
bound paclitaxel (NP) chemotherapies. A. Baseline CT image before NG treatment. B. After two cycles of NG treatment, CT image 
showing a PD. C. After 4 cycles of NP treatment, CT image showing a SD.
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multimodality treatment, including surgical resection, 
radiotherapy, neoadjuvant and adjuvant chemotherapy, 
is the treatment of choice for PNETs [21]. Moreover, 
relevant studies are mostly single-institution, small-scale 
clinical studies, due to the rarity of this disease. The 
diagnosis and treatment of pulmonary PNET still remains 
a challenge for the clinic due to the absence of guidelines.

The patient reported in this study presented with 

an advanced pulmonary PNET underwent multiple 
therapeutic regimens including chemotherapy and 
argon-helium knife cryosurgery, and achieved PR as a 
best response. However, disease progressed after these 
treatment regimens, and the patient commenced targeted 
therapy. As multiple chemotherapy regimens have 
been performed, there might be some treatment related 
mutations, which should not be discounted. It should 

Figure 5: Copy number loss of VHL, CDKN2A/B and TP53 genes were detected in the tumor tissues of the pulmonary 
PNET patient.
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also be interesting to perform the genomic analysis on 
index sample for earlier targeted therapy in the future. 
For the present case, we intended to identify the possible 
targetable molecular alterations before we can start the 
targeted therapy, therefore we made the decision to send 
tumor tissue from the lung after disease progression 
for NGS of a gene panel in which genetic variation is 
known to be associated with the response to therapies. 
Fortunately, we got enough tumor tissues for the NGS test, 
which might be due to the progression of the disease. The 
NGS results revealed somatic CNL of VHL, CDKN2A/B 
and TP53 genes.

So far, there has been no FDA approved drugs 

targeting VHL, but agents targeting the vascular 
endothelial growth factor (VEGF) pathway have been 
approved to have value in the treatment of VHL-related 
tumors, including bevacizumab and multi-kinase 
inhibitors, such as Sunitinib and sorafenib [22]. Sunitinib 
is an oral multitargeted receptor tyrosine kinase inhibitor 
that targets platelet-derived growth factor receptor 
(PDGFR), FLT3, KIT, and VEGFR [23]. In malignancies 
such as kidney cancer and pancreatic neuroendocrine 
tumors where a therapeutic role of Sunitinib has been 
established [23-25], the absence of the VHL gene causes 
accumulation of HIFs and the production of several 
growth factors, including VEGF and PDGF against which 

Figure 6: Chest CT scan documenting responses to Sunitinib. A. After 4 weeks of treatment with Sunitinib (50 mg/day), CT 
image showing a SD (-14.12%, Aug 18, 2015). B. After about three months of treatment with Sunitinib, CT image showing a PR (-32.41%, 
Oct 09, 2015). C. After continuous treatment with Sunitinib for about four months, CT image showing a confirmed PR (-36.78%, Nov 13, 
2015).
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Sunitinib has efficacy [23]. So it was inferred that the 
patient with CNL of VHL may benefit from Sunitinib. 
Additionally, there is a recent report suggested that one 
PNET patient treated with Sunitinib showed a significant 
radiological response with almost complete necrosis of 
the perihepatic metastatic lesion and a progression-free 
survival of nine months [23]. In another study, a case 
of PNET arising in the kidney during pregnancy treated 
with sorafenib was fairly well tolerated, a thoracic CT 
scan revealed a 40%-volumetric regression of lung 
metastasis [26]. These reports indicated that Sunitinib 
or sorafenib might be both effective in the treatment of 
pPNET. Importantly, there are lots of reports suggested 
that Sunitinib exhibited excellent efficiency in different 
cancers with VHL disease, which results from a mutation 
in VHL gene [27, 28]. Therefore, the reason we choose 
Sunitinib over sorafenib is that we found this PNET 
patient here has a CNL of VHL, which suggested that 
the PNET patient might get more treatment benefits from 
Sunitinib over sorafenib. As for bevacizumab, although 
there is one study reported that bevacizumab was effective 
in advanced uterine PNET [29], however, there is some 
report suggested that bevacizumab showed no efficacy 
on PNET [30]. Therefore, the efficiency of bevacizumab 
on PNET is still controversial. Actually, we have already 
used bevacizumab once for this patient, but the patient 
refused to receive bevacizumab treatment because of 
adverse effects (hypertension and diarrhea). Additionally, 
bevacizumab is a recombinant humanized monoclonal 
antibody that blocks angiogenesis by inhibiting only 
VEGF-A [29, 30], whereas sorafenib and Sunitinib 
are inhibitors of multiple kinases, such as VEGFR and 
PDGFRs [24]. In addition, a recent study reported that 
there was a MLH1 gene mutation in a PNET patient, 
they therefore inferred that vastin or Cetuximab could be 
used for the target therapy [4]. However, the patient did 
not have the opportunity to receive this target therapy. In 
our case, four-month treatment of Sunitinib achieved PR 
according to RECIST criteria (Figure 1) and improved 
the quality of life (QoL) significantly. These results are 
very interesting, considering that the patient was heavily 
pretreated before the targeted therapy. 

Besides VHL, targeted NGS revealed CNL of 
CDKN2A/B and TP53 genes in this patient as well. 
CDKN2A gene produces two unrelated tumor suppressors, 
p16INK4a and p14ARF4, and CDKN2B gene produces 
tumor suppressor p15INK4b [31-32]. No drugs targeting 
CDKN2A/B have been approved, while CDK4/6 inhibitor 
paboxilin has been proved in breast cancer by FDA. 
Various experiments revealed that paboxilin inhibited 
cell growth or mice tumor proliferation with CDKN2A 
deletion selectively and sensitively, which indicated that 
CDKN2A/B CNL may respond to CDK4/6 inhibitor [33]. 
TP53 gene produces tumor suppressor p53 that is either 
lost or mutated in various malignancies [34]. Also, no 
drugs targeting TP53 have been approved by FDA, while 

it was indicated that TP53 mutation was sensitive to Wee-1 
inhibitor MK-1775 [34]. Therefore, paboxilin, MK-1775 
or other targeted drugs may serve as an alternative if the 
patient failed to response to Sunitinib treatment.

In conclusion, the outcome of pulmonary PNET is 
extremely poor partly due to the limitation of traditional 
therapies. The current study is the first case report of 
pulmonary PNET that benefits from Sunitinib treatment. 
Moreover, it demonstrates the feasibility of target therapy 
in the treatment of this rare cancer. 

CONFLICTS OF INTEREST

There is no conflict of interest that I should disclose.

REFERENCES

1. Tsokos M, Alaggio RD, Dehner LP, Dickman PS. 
Ewing sarcoma/peripheral primitive neuroectodermal 
tumor and related tumors. Pediatr Dev Pathol. 2012;15(1 
Suppl):108-26. 

2. Bae SH, Hwang JH, Da Nam B, Kim HJ, Kim KU, 
Kim DW, Choi IH. Multiple Ewing Sarcoma/Primitive 
Neuroectodermal Tumors in the Mediastinum: A Case 
Report and Literature Review. Medicine (Baltimore). 
2016;95(7):e2725. 

3. Tsokos M, Alaggio RD, Dehner LP, Dickman PS. 
Ewing sarcoma/peripheral primitive neuroectodermal 
tumor and related tumors. Pediatr Dev Pathol. 2012;15(1 
Suppl):108-26. 

4. Dong M, Liu J, Song Z, Li X, Shi T, Wang D, Ren D, Chen 
J. Primary Multiple Pulmonary Primitive Neuroectodermal 
Tumor: Case Report and Literature Review. Medicine 
(Baltimore). 2015;94(27):e1136.

5. Andrei M, Cramer SF, Kramer ZB, Zeidan A, Faltas B. 
Adult primary pulmonary primitive neuroectodermal tumor: 
molecular features and translational opportunities. Cancer 
Biol Ther. 2013;14(2):75-80.

6. Hagemann IS, Govindan R, Javidan-Nejad C, Pfeifer JD, 
Cottrell CE. Stabilization of disease after targeted therapy in 
a thymic carcinoma with KIT mutation detected by clinical 
next-generation sequencing. J Thorac Oncol. 2014;9(2):e12-
6.

7. Gaude GS, Patil P, Malur P, Annurshetru S. Premitive 
neuro-ectodermal tumour of the lung. J Thorac Dis. 
2015;7(12):E682-5.

8. Gachechiladze M, Skarda J, Ibrahim M, Tichý T, Flodr 
P, Latálová P, Ehrmann J, Trojanec R, Kolář Z. Primitive 
neuroectodermal tumor (PNET) of the lung in an adult 
woman. World J Surg Oncol. 2014;12:374. 

9. Kalkan KE, Bilici A, Selcukbiricik F, Unver N, Yuksel 
M. Thoracic primitive neuroectodermal tumor: an 
unusual case and literature review. Case Rep Pulmonol. 
2013;2013:326871.



Oncotarget87551www.impactjournals.com/oncotarget

10. Andrei M, Cramer SF, Kramer ZB, Zeidan A, Faltas B. 
Adult primary pulmonary primitive neuroectodermal tumor: 
molecular features and translational opportunities. Cancer 
Biol Ther. 2013;14(2):75-80. 

11. Weissferdt A, Moran CA. Primary pulmonary primitive 
neuroectodermal tumor (PNET): a clinicopathological 
and immunohistochemical study of six cases. Lung. 
2012;190(6):677-83. 

12. Hancorn K, Sharma A, Shackcloth M. Primary extraskeletal 
Ewing’s sarcoma of the lung. Interact Cardiovasc Thorac 
Surg. 2010;10(5):803-4.

13. Demir A, Gunluoglu MZ, Dagoglu N, Turna A, Dizdar Y, 
Kaynak K, Dilege S, Mandel NM, Yilmazbayhan D, Dincer 
SI, Gurses A. Surgical treatment and prognosis of primitive 
neuroectodermal tumors of the thorax. J Thorac Oncol. 
2009;4(2):185-92.

14. Takahashi D, Nagayama J, Nagatoshi Y, Inagaki J, 
Nishiyama K, Yokoyama R, Moriyasu Y, Okada K, 
Okamura J. Primary Ewing’s sarcoma family tumors of the 
lung a case report and review of the literature. Jpn J Clin 
Oncol. 2007;37(11):874-7.

15. Mikami Y, Nakajima M, Hashimoto H, Irei I, Matsushima 
T, Kawabata S, Manabe T. Primary pulmonary primitive 
neuroectodermal tumor (PNET). A case report. Pathol Res 
Pract. 2001;197(2):113-119; discussion 121-2.

16. Kahn AG, Avagnina A, Nazar J, Elsner B. Primitive 
neuroectodermal tumor of the lung. Arch Pathol Lab Med. 
2001;125(3):397-9.

17. Baumgartner FJ, Omari BO, French SW. Primitive 
neuroectodermal tumor of the pulmonary hilum in an adult. 
Ann Thorac Surg. 2001;72(1):285-7.

18. Imamura F, Funakoshi T, Nakamura S, Mano M, Kodama 
K, Horai T. Primary primitive neuroectodermal tumor of the 
lung: report of two cases. Lung Cancer. 2000;27(1):55-60.

19. Tsuji S, Hisaoka M, Morimitsu Y, Hashimoto H, Jimi A, 
Watanabe J, Eguchi H, Kaneko Y. Peripheral primitive 
neuroectodermal tumour of the lung: report of two cases. 
Histopathology. 1998;33(4):369-74.

20. Marques M, Cardoso H, Barroca H, Lopes J, Macedo G. 
Peripheral primitive neuroectodermal tumour of the liver: 
a case report and review of the literature. Gastroenterol 
Hepatol. 2011;34(9):611-3. 

21. Kelleher FC, Thomas DM. Molecular pathogenesis 
and targeted therapeutics in Ewing sarcoma/primitive 
neuroectodermaltumours. Clin Sarcoma Res. 2012;2(1):6. 

22. Prager GW, Poettler M, Unseld M, Zielinski CC. 
Angiogenesis in cancer: Anti-VEGF escape mechanisms. 
Transl Lung Cancer Res. 2012;1(1):14-25. 

23. Prochilo T, Savelli G, Bertocchi P, Abeni C, Rota L, Rizzi 
A, Zaniboni A. Targeting VEGF-VEGFR Pathway by 
Sunitinib in Peripheral Primitive Neuroectodermal Tumor, 
Paraganglioma and Epithelioid Hemangioendothelioma: 
Three Case Reports. Case Rep Oncol. 2013;6(1):90-7. 

24. Young K, Iyer R, Morganstein D, Chau I, Cunningham D, 
Starling N. Pancreatic neuroendocrine tumors: a review. 
Future Oncol. 2015;11(5):853-64. 

25. Clark PE. The role of VHL in clear-cell renal cell 
carcinoma and its relation to targeted therapy. Kidney Int. 
2009;76(9):939-45.

26. Wu YJ, Zhu YC, Chen H, Huang Y, Wei Q, Chen 
HJ, Xie X, Li X, Zhou Q, Yang YR, Zeng H. Primitive 
neuroectodermal tumor of the kidney with inferior vena 
cava tumor thrombus during pregnancy response to 
sorafenib. Chin Med J (Engl). 2010;123(15):2155-8.

27. Babinska A, Studniarek M, Świątkowska-Stodulska R, 
Sworczak K. Sunitinib treatment for multifocal renal cell 
carcinoma (RCC) and pancreatic neuroendocrine tumor 
(NET) in patient with Von Hippel-Lindau disease. Case 
Report. Neuro Endocrinol Lett. 2015;36(6):517-20.

28. Tsimafeyeu I. Sunitinib treatment of metastatic renal cell 
carcinoma in von Hippel-Lindau disease. J Cancer Res 
Ther. 2015;11(4):920-2.

29. Novo J, Bitterman P, Guirguis A. Central-type primitive 
neuroectodermal tumor of the uterus: Case report of 
remission of stage IV disease using adjuvant cisplatin/
etoposide/bevacizumab chemotherapy and review of the 
literature. Gynecol Oncol Rep. 2015;14:26-30.

30. Salgado C, Neff T, Frazier L, Vargas SO, Vanderveen D. 
An unusual case of congenital primitive neuroectodermal 
tumor with ocular metastasis. J Pediatr Hematol Oncol. 
2012;34(2):e69-71.

31. Sharpless NE. INK4a/ARF: a multifunctional tumor 
suppressor locus. Mutat Res. 2005;576(1-2):22-38.

32. Hannon GJ, Beach D. p15INK4B is a potential 
effector of TGF-beta-induced cell cycle arrest. Nature. 
1994;371(6494):257-61.

33. Cen L, Carlson BL, Schroeder MA, Ostrem JL, Kitange 
GJ, Mladek AC, Fink SR, Decker PA, Wu W, Kim JS, 
Waldman T, Jenkins RB, Sarkaria JN. p16-Cdk4-Rb axis 
controls sensitivity to a cyclin-dependent kinase inhibitor 
PD0332991 in glioblastoma xenograft cells. Neuro Oncol. 
2012;14(7):870-81.

34. Kreahling JM, Foroutan P, aReed D, Martinez G, 
Razabdouski T, Bui MM, Raghavan M, Letson D, Gillies 
RJ, Altiok S. Wee1 inhibition by MK-1775 leads to tumor 
inhibition and enhances efficacy of gemcitabine in human 
sarcomas. PLoS One. 2013;8(3):e57523. 


