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Abstract

Malignant tumors of central nervous system are categorized with the poor prognosis, with high level of mortality and morbidity. Glioblastomas
is one of the most deadly malignant tumor of brain in adults which cost their lives. Role of cytomegalovirus in glioblastoma pathogenesis was
proposed decades ago and much work was done to figure out the genetic involvement of CMV leading to poor prognosis of tumor. It has been
the topic of ongoing research for some decades now. We have conducted this review article to evaluate the prognosis of glial tumors with
cytomegalovirus, after a thorough review of medical literature from PubMed and Google scholar. Currently, many clinical trials and researches
has been done to evaluate the treatment of glioblastoma and to see the beneficial effects on the growth of tumor, and significant results has been
shown in the treatment of GBM which increases the life expectancy up to 15 months.
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Introduction
reactivation in fetuses orimmune compromised. According to the

studies it was to made clear that existence of HCMV components
showed no significant correlation with the prognosis of glioma
patients. The objective of this study was further emphasis on
prevalence, genetic involvement and prognosis of CMV with the
gliomas. Here in this review we will be discussing the:

The World Health Organization (WHO) classification system
groups gliomas into 4 histological grades defined by increasing
degrees of undifferentiation, anaplasia, and aggressiveness
[1]. According to WHO grade IV tumors (glioblastoma and
its varients), grade IIl tumors are (anaplastic variants of
astrocytoma, oligodendrogliomas and oligoastrocytoma) and
grade II are (diffuse astrocytomas, oligodendrogliomas and 1. Genetic involvement of HCMV in the GBM
oligoastrocytomas). In this article we will be focusing on the
malignant tumors with their survival rates Table 1 [2]. Human
cytomegalovirus (HCMV) is a beta herpes virus infecting 70- 3. HCMV role in GBM
90% of general population and continue to live in host after
the primary infection [3], it can cause serious complication on

2. GBM prognosis with HCMV

4. Therapeutic role of HCMV
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Table 1: Classification of Malignant gliomas and survival according to the Survillane, Epidermiology and the End Result (SEER) Program

Registry.

1-year (Survival Rate%)

5-year (Survival Rate%)

WHO grade IV tumor

Glioblastoma and variants 355 *7
WHO grade III tumors

1.Anaplastic astrocytoma 60.1 25.9

2.Anaplastic oligodendroglioma 81 49.4

3.Anaplastic oligoastrocytomas

NA (not available)

NA (not available)

1-year

5-year

(survival rate%)

(survival rate%)

WHO grade IV tumor

Glioblastoma and variants 35.5 4.7
WHO grade III tumors

1.Anaplastic astrocytoma 60.1 25.9

2.Anaplastic oligodendroglioma 81 49.4

3.Anaplastic oligoastrocytomas

NA (not available)

NA (not available)

Review of Evidence

Literature was searched on engines like Google Scholar,
PubMed, Scopus and Embase. MeSH and non-MeSH terms like
“Glioblastoma”, “Cytomegalovirus”, “Gliomas”, “Pathogenesis”,
“oncomodulatory function” were used to filter out the topic
specific data. Two independent reviewers (AL, MN) thoroughly
searched titles, keywords and abstract to extract the relevant
data. Any disagreement was resolved by the consensus of third
independent reviewer (SDA]). Collected data was analyzed by
two independent reviewers (KAA, SDA]) to finalize the list of
articles on which the review is conducted. Similarly, any conflict
between two reviewers was resolved by a third independent
reviewer (MMS). Articles relevant to Gliomas (pathogenesis,
association with CMV, clinical prognosis, treatment options)
were included in this research. However, articles mainly
discussing other primary tumors like lymphoma, suprasellar
tumors, and ventricular tumors were excluded from this study.
Data search was not confined on the basis of time period, type of
article and books or gray literature. Only limitation applied was
exclusion of data in language other than English-language.

Genetic Involvement of HCMV in GBM

HCMYV association with the gliomas is a heavy debate and
link between them is still controversial. Many researches and
papers are submitted on this topic from the late 1900s and in
the early 2000s the presence and role of HCMV was reported
and uptill now work is been done to lower the incidence rate. In
2002, Cobbs et al. was the first person to report the presence of
HCMV in high grade gliomas [4]. He suggested in his research that
maximum of the glial tumors were associated with HCMV and it
play vital role in the pathogenesis of tumor .In his study with
use of immunohistochemistry (IHC) of formalin fixed paraffin-
embedded tissue he was able to identify immediate early 1 (IE1)
protein, pp65,p52/76-kDa early DNA binding protein and early
protein, he was surprised to found the proteins both in cytoplasm

and nuclei of tumor but not in the normal brain tissue. Further
in the early 2000s,work was done to see the pathogenesis and
to confirm the studies about the presence of HCMV when, in
2008 Scheurer et al. [5] with the use of (IHC) and was able to
detect HCMV (IE1) protein in 100% of glioblastomas and 82%
of low-grade gliomas from the paraffin-embedded tissues. The
author validated the findings of Cobbs and colleagues that HCMV
IE1 and other virus specific oligonucleotides can be detected by
these methods but there was no sign of virus in the necrotic
area or outside the tumor margins [4-6]. Upto the present time
studies have identified the presence of HCMV proteins IE1, US28,
pp65, gB, HCMV IL-10, and pp28 and the HCMV genes IE1 and
gB with the use of, immunohistochemistry, in situ hybridization,
electron microscopy, polymerase chain reaction (PCR) coupled
with DNA sequencing, enzyme-linked immunosorbent assay, and
flow cytometry [3,4,6-11], among them the most studied protein
has been IE1. Unpublished data presented by T. F. Kowalik
proved difficult to arrange the HCMV genome found from the
sample of human glioblastoma individually, it may be due to
discontinuous or fragmented genomes. Using the combined PCR-
DNA sequencing methodology,94% samples of CMV genomic
DNA was detected, it's a method that show polymorphisms in
specific area of glioblastoma encoding the tegument protein
pp65 [12], it was summarized that HCMV genomes associated
with glioblastoma are tumor specific and it can vary in different
population. After the study of results, it was concluded that
there is sufficient presence of HCMV protein in gliomas and
their sequences and viral genome are present in the malignant
gliomas [9-13].

GBM Prognosis with CMV

There was no prognostic role of HCMV in GBM was found,
whether the IHC staining showing positive IE1 or pp65 staining
or the patient had HCMV DNA in tumor tissue or blood [14,15].
According to the research it was reported that there is increased
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survival rate for the low grade tumors (IE1 IHC positive<25%)
compared with high grade tumors (13 vs 33 months, p = 0.036)
but there was no disease free survival rate was found [16],
but it is still controversial and debatable that whether the
relationship between increased number of positive IHC cells
was caused by increased viral reactivation which was due to
immunosuppressive tumor,
HCMV causing more aggressive phenotype or an artifact of intra-

oncomodulatory properties of

tumoral variability in staining.

Role of HCMV in GBM

Many reviews and articles were published to know the
pathogenesisof HCMV and howits acts on the cell cycle interfering
with the cell proliferation, amplification, its angiogenesis.
According to a recent study done clarify that platelet-derived
growth factor receptor-a (PDGFRA) is the key element which
was needed to for the entry of HCMV in the cell which further
activate the PI(3) K/Akt pathway causing the inhibition of
apoptosis [17], tumors with amplification of PDGFRA had
higher rate of HCMV infections. An increased human telomerase
activity in cell with HCMV infection or positive IE1 activity was
thought of increase cell survival [18]. From another study it was
made clear that HCMV pp71 protein co-localizes with the stem
cell factor of GBMs, and causes capillary formation resulting in
angiogenesis [19].

Onco-Modulatory Factors

The idea of oncomodulation and CMV was initially intro-
duced by Cinatl et al. [20] in 1996, that HCMV can alter the func-
tion of cancer cell without being directly involved in malignant
transformation. Further it was updated that even the DNA of
CMV was not even retained in the cell and lately the antigens
of HCMYV started to decline [21]. Malignant tumors like GBM ex-
press certain factors and receptors (e.g: CD-133 & Mdm-2 recep-
tor expression) which enhances the survival capability of tumor
and assist its growth under any stressor [22,23].

Table 2: Summary for the current treatment for malignant gliomas.

The glioma mouse model Mut3, a study was done which
shows mice with mutation in TP53 and Nfl genes shown
decreased glioma-associated survival from MCMV infection by
STAT-3 associated mechanism [24]. There are three mechanisms
by which signal transducer and activator of transcription-3 can
activate HCMV:

i. Secretion of interleukin-6 by HCMV-infected cells via
the interleukin-6R-Janus kinase-STAT3 pathway.

ii.  Expression of the HCMV
chemokine receptor US28, which phosphorylates STAT3.

constitutively active

iii. HCMYV glycoprotein B signaling through the PDGFRA-
Janus kinase-STAT3 axis [25,26].

iv.  Increased signaling of STAT3 activity leads to cell cycle
progression, but this cycle is dysregulated in GBM lead to
mutation of TP53, loss of PTEN gene causes the inhibition
tyrosine kinases receptor (Ras) and similarly loss of Nfl
function affects the function of phosphoinositide-3-kinase.

Theraputic Role of CMV

Malignant cancers spread by two ways. Initially, tumor cells
spread through the hematogenous and lymphatic route and
metastasize to another organ. Then, secondly it invades the local
intra-organ where it forms a new tumor. In case of gbm distant
metastasis most commonly occur through cerebral spinal
fluid flow [27,28]. According to a research we have found that
patient with gbm have median survival rate of only 15 months
[29,30]. The treatment currently designed for gbm is initially
surgery when feasible, then radiation followed by chemotherapy
temozolomide [29]. Some additional therapeutic options are
also available like angiogenesis inhibitors in combination with
chemotherapeutic agents, active and passive immunotherapy
but all these treatments failed due to the invasive nature of gbm
as it crosses the blood-brain barrier. Tabular presentation of
glioma classification is given in Table 2 [31-34].

Tumors Treatment
L gizg:lf;foma (WHO Maximal surgical resection, radiotherapy, plus concomitant and adjuvant TMZ

2. Anaplastic astrocytomas (WHO
grade III)

Maximal surgical resection (can go for radiotherapy, plus concomitant plus adjuvant TMZ or TMZ alone)
there is no accepted standard therapy.

3. Anaplastic oligodendrogliomas
and anaplastic oligoastrocytomas
(WHO grade III)

Maximal surgical resection (can do radiotherapy alone, TMZ or PCV with or without radiotherapy,
radiotherapy with concomitant and adjuvant TMZ or radiotherapy plus adjuvant TMZ (any of the options
can be taken there is no standard treatment option.

4. Recurrent tumors

Reoperation in selected patients, carmustine wafers, conventional chemotherapy (lomustein, PCV,
carmustine) bevacizumab plus irinotecan, experimental therapies

Surgical resection is the first most step-in malignant gliomas,
but it is not helpful in completely removing the tumor because
its invasive nature and it help in decreasing the symptoms and
also helps molecular study of the mass. Currently, the surgical
procedure has improvised and ensure safety of the patient
because the extent of the tumor infiltrate can be located with the

DOI: 10.19080/CTOIJ.2019.13.555871

advances such as MRI-guided neuronavigation, intraoperative
MRI, functional MRI, intraoperative mapping [35]. Radiotherapy
is the essential part in the treatment, from the researches it was
made clear that radiotherapy after surgery has shown a marked
increase in the patient survival from 3 to 4 months up to 7 to 12
months [36,37]. Chemotherapy also plays its role in increasing
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the survival rate according to two meta-analysis adjuvant
chemotherapy increases the survival 6-10% in 1-year survival
rate [38,39].

Conclusion

Malignant gliomas have been the topic of interest from the
early 1900s and still work has been going on this, although it’s
still incurable disease but now proper and improvised treatment
option has introduced for the better understanding of its
complex molecular biology, microenvironment and immunologic
interactions with the host. Several treatment options have been
introduced with the promising survival rate of 15 months. Still
work is going on for better progression and improving the future
of patients.

References

1. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, et al. (2007)
The 2007 WHO classification of tumours of the central nervous system.
Acta neuropathologica 114(2): 97-109.

2. Dolecek TA, Propp JM, Stroup NE, Kruchko C (2012) CBTRUS statistical
report: primary brain and central nervous system tumors diagnosed in
US in 2005-2009. Neuro Oncol 14(suppl 5): v1-v49.

3. Scheurer ME, Bondy ML, Aldape KD, Albrecht T, El-Zein R (2008)
Detection of human cytomegalovirus in different histological types of
gliomas. Acta Neuropathol 116(1): 79-86.

4. Cobbs CS, Harkins L, Samanta M, Gillespie GY, Bharara S et al. (2002)
Human cytomegalovirus infection and expression in human malignant
glioma, Cancer Res 62: 3347-3350.

5. Scheurer ME, Bondy ML, Aldape KD, Albrecht T, El-Zein R (2008)
Detection of human cytomegalovirus in different histological types of
gliomas. Acta neuropathologica 116(1): 79-86.

6. Mitchell DA, Xie W, Schmittling R, Learn C, Friedman A, et al. (2008)
Sensitive detection of human cytomegalovirus in tumors and
peripheral blood of patients diagnosed with glioblastoma. Neuro-
oncology. 10(1): 10-18.

7. Prins RM, Cloughesy TF, Liau LM (2008) Cytomegalovirus immunity
after vaccination with autologous glioblastoma lysate. N Engl ] Med
359(5): 539-541.

8. Lucas KG, Bao L, Bruggeman R, Dunham K, Specht C (2011) The
detection of CMV pp65 and IE1 in glioblastoma multiforme. Journal of
neuro-oncology 103(2): 231-238.

9. Dziurzynski K, Wei ], Qiao W, Hatiboglu MA, Kong LY, et al. (2011)
Glioma-associated cytomegalovirus mediates subversion of the
monocyte lineage to a tumor propagating phenotype. Clinical Cancer
Research clin can res 17(14): 4642-4649.

10. Slinger E, Maussang D, Schreiber A, Siderius M, Rahbar A, et al. (2010)
HCMV-encoded chemokine receptor US28 mediates proliferative
signalling through the IL-6-STAT3 axis. Sci Signal 3(133): ra58.

11. Straat K, Liu C, Rahbar A, Zhu Q, Liu L, et al. (2009) Activation of
telomerase by human cytomegalovirus. ] Natl Cancer Inst 101(7): 488-
497.

12. Renzette N, Bhattacharjee B, Jensen JD, Gibson L, Kowalik TF (2011)
Extensive genome-wide variability of human cytomegalovirus in
congenitally infected infants, PLoS Pathog 7: e1001344.

13. Cobbs CS, Soroceanu L, Denham S, Zhang W, Britt WJ, et al. (2007)
Human cytomegalovirus induces cellular tyrosine kinase signaling and
promotes glioma cell invasiveness, ] Neuro oncol 85(3): 271-280.

DOI: 10.19080/CTOIJ.2019.13.555871

14. Cobbs CS, Soroceanu L, Denham S, Zhang W, Kraus MH (2008)
Modulation of oncogenic phenotype in human glioma cells by
cytomegalovirus IE1-mediated mitogenicity, Cancer Res 68(3): 724-
730.

15. Ding D Han S Wang Z, Guo Z, Wu A (2014) Does the existence of HCMV
components predict poor prognosis in glioma? ] Neurooncol 116(3):
515-522.

16. Rahbar A, Orrego A, Peredo [, Dzabic M, Wolmer-Solberg N, et al. (2013)
Human cytomegalovirus infection levels in glioblastoma multiforme
are of prognostic value for survival. ] Clin Virol 57(1): 36-42.

17. Soroceanu L, Akhavan A, Cobbs CS (2008) Platelet-derived growth
factor-alphareceptoractivation is required for human cytomegalovirus
infection. Nature 455(7211): 391-395.

18. Straat K, Liu C, Rahbar A, Zhu Q, Liu L, Wolmer-Solberg N, et al. (2009)
Activation of telomerase by human cytomegalovirus. ] Natl Cancer Inst
101: 488-497.

19. Matlaf LA Harkins LE Bezrookove, Charles S. Cobbs, Liliana Soroceanu
et al. (2013) Cytomegalovirus pp71 protein is expressed in human
glioblastoma and promotes pro-angiogenic signaling by activation of
stem cell factor. PLoS One 8: e68176.

20. Cinatl JJr, Cinatl J, Vogel JU, Rabenau H, Kornhuber B, et al. (1996)
Modulatory effects of human cytomegalovirus infection on malignant
properties of cancer cells, Intervirology 39(4): 259-269.

21. Doniger ], Muralidhar S, Rosenthal L] (1999) Human cytomegalovirus
and human herpesvirus 6 genes that transform and transactivate, Clin
Microbiol Rev 12(3): 367-382.

22. Ahmed S, Bareeqa SB, Samar SS (2018) Re-expression of the p53 Gene
by Inhibiting the Mdm-2 Receptor in Wild-type p53 Tumors for the
Treatment of Glioblastoma: A Mini Review. 10(7): e3034.

23. Ahmed SI, Bareeqa SB, Samar SS (2018) CD133 Expression in
Glioblastoma Multiforme: A Literature Review. Cureus 10(10): e3034.

24. Price RL, Song ], Bingmer K, Kim TH, Yi]Y, et al. (2013) Cytomegalovirus
contributes to glioblastoma in the context of tumor suppressor
mutations. Cancer Res 73: 3441-3450.

25. Slinger E Maussang D Schreiber A, Siderius M, Rahbar A, et al. (2010)
HCMV-encoded chemokine receptor US28 mediates proliferative
signaling through the IL-6-STAT3 axis. Sci Signal 3(133): ra58.

26. Soroceanu L, Matlaf L, Bezrookove V, Harkins L, Martinez R, et al.
(2011) Human cytomegalovirus US28 found in glioblastoma promotes
an invasive and angiogenic phenotype. Cancer Res 71(21): 6643-6653.

27. Shah A, Redhu R, Nadkarni T, Goel A (2010) Supratentorial glioblastoma
multiforme with spinal metastases. J. Craniovertebr Junction Spine
1(2): 126-129.

28. Vertosick FT Jr, Selker RG (1990) Brain stem and spinal metastases
of supratentorial glioblastoma multiforme: A clinical series.
Neurosurgery 27(4): 516-521.

29. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, et al. (2005)
Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. N Engl ] Med 352(10): 987-996.

30. Wen PY, Kesari S (2008) Malignant gliomas in adults. N Engl ] Med
359(5): 492-507.

31. Sathornsumetee S, Rich JN, Reardon DA (2007) Diagnosis and
treatment of highgrade astrocytoma. Neurol Clin 25(4): 1111-1139.

32. Furnari FB, Fenton T, Bachoo RM, Mukasa A, Stommel M, et al. (2007)
Malignant astrocytic glioma: genetics, biology, and paths to treatment.
Genes Dev 21: 2683-2710.

33. Chi AS, Wen PY (2007) Inhibiting kinases in malignant gliomas. Expert
Opin Ther Targets 11: 473-496.

How to cite this article: Syed Daniyal Ahmed Jilanee, Muhammad Mubashir Shabu, Ayesha Lakhani, Mustafa Naeem, Khadija Anwar Ali, Ali Khan.
Prognosis of Glial Tumors with Cytomegalovirus: A Brief Review of Literature. Canc Therapy & Oncol Int J. 2019; 13(5): 555871.


http://dx.doi.org/10.19080/CTOIJ.2019.13.555871
https://www.ncbi.nlm.nih.gov/pubmed/17618441
https://www.ncbi.nlm.nih.gov/pubmed/17618441
https://www.ncbi.nlm.nih.gov/pubmed/17618441
https://www.ncbi.nlm.nih.gov/pubmed/23095881
https://www.ncbi.nlm.nih.gov/pubmed/23095881
https://www.ncbi.nlm.nih.gov/pubmed/23095881
https://www.ncbi.nlm.nih.gov/pubmed/18351367
https://www.ncbi.nlm.nih.gov/pubmed/18351367
https://www.ncbi.nlm.nih.gov/pubmed/18351367
https://www.ncbi.nlm.nih.gov/pubmed/12067971
https://www.ncbi.nlm.nih.gov/pubmed/12067971
https://www.ncbi.nlm.nih.gov/pubmed/12067971
https://www.ncbi.nlm.nih.gov/pubmed/18351367
https://www.ncbi.nlm.nih.gov/pubmed/18351367
https://www.ncbi.nlm.nih.gov/pubmed/18351367
https://www.ncbi.nlm.nih.gov/pubmed/17951512
https://www.ncbi.nlm.nih.gov/pubmed/17951512
https://www.ncbi.nlm.nih.gov/pubmed/17951512
https://www.ncbi.nlm.nih.gov/pubmed/17951512
https://www.ncbi.nlm.nih.gov/pubmed/18669440
https://www.ncbi.nlm.nih.gov/pubmed/18669440
https://www.ncbi.nlm.nih.gov/pubmed/18669440
https://www.ncbi.nlm.nih.gov/pubmed/20820869
https://www.ncbi.nlm.nih.gov/pubmed/20820869
https://www.ncbi.nlm.nih.gov/pubmed/20820869
https://www.ncbi.nlm.nih.gov/pubmed/21490182
https://www.ncbi.nlm.nih.gov/pubmed/21490182
https://www.ncbi.nlm.nih.gov/pubmed/21490182
https://www.ncbi.nlm.nih.gov/pubmed/21490182
https://www.ncbi.nlm.nih.gov/pubmed/20682912
https://www.ncbi.nlm.nih.gov/pubmed/20682912
https://www.ncbi.nlm.nih.gov/pubmed/20682912
https://www.ncbi.nlm.nih.gov/pubmed/19318640
https://www.ncbi.nlm.nih.gov/pubmed/19318640
https://www.ncbi.nlm.nih.gov/pubmed/19318640
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1001344
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1001344
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1001344
https://www.ncbi.nlm.nih.gov/pubmed/17589804
https://www.ncbi.nlm.nih.gov/pubmed/17589804
https://www.ncbi.nlm.nih.gov/pubmed/17589804
https://www.ncbi.nlm.nih.gov/pubmed/18245472
https://www.ncbi.nlm.nih.gov/pubmed/18245472
https://www.ncbi.nlm.nih.gov/pubmed/18245472
https://www.ncbi.nlm.nih.gov/pubmed/18245472
https://www.ncbi.nlm.nih.gov/pubmed/24395349
https://www.ncbi.nlm.nih.gov/pubmed/24395349
https://www.ncbi.nlm.nih.gov/pubmed/24395349
https://www.ncbi.nlm.nih.gov/pubmed/23391370
https://www.ncbi.nlm.nih.gov/pubmed/23391370
https://www.ncbi.nlm.nih.gov/pubmed/23391370
https://www.ncbi.nlm.nih.gov/pubmed/18701889
https://www.ncbi.nlm.nih.gov/pubmed/18701889
https://www.ncbi.nlm.nih.gov/pubmed/18701889
https://www.ncbi.nlm.nih.gov/pubmed/19318640
https://www.ncbi.nlm.nih.gov/pubmed/19318640
https://www.ncbi.nlm.nih.gov/pubmed/19318640
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068176
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068176
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068176
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068176
https://www.ncbi.nlm.nih.gov/pubmed/9078467
https://www.ncbi.nlm.nih.gov/pubmed/9078467
https://www.ncbi.nlm.nih.gov/pubmed/9078467
https://www.ncbi.nlm.nih.gov/pubmed/10398670
https://www.ncbi.nlm.nih.gov/pubmed/10398670
https://www.ncbi.nlm.nih.gov/pubmed/10398670
https://www.ncbi.nlm.nih.gov/pubmed/30254823
https://www.ncbi.nlm.nih.gov/pubmed/30254823
https://www.ncbi.nlm.nih.gov/pubmed/30254823
https://www.ncbi.nlm.nih.gov/pubmed/30254823
https://www.ncbi.nlm.nih.gov/pubmed/30254823
https://www.ncbi.nlm.nih.gov/pubmed/23729642
https://www.ncbi.nlm.nih.gov/pubmed/23729642
https://www.ncbi.nlm.nih.gov/pubmed/23729642
https://www.ncbi.nlm.nih.gov/pubmed/20682912
https://www.ncbi.nlm.nih.gov/pubmed/20682912
https://www.ncbi.nlm.nih.gov/pubmed/20682912
https://www.ncbi.nlm.nih.gov/pubmed/21900396
https://www.ncbi.nlm.nih.gov/pubmed/21900396
https://www.ncbi.nlm.nih.gov/pubmed/21900396
https://www.ncbi.nlm.nih.gov/pubmed/21572635
https://www.ncbi.nlm.nih.gov/pubmed/21572635
https://www.ncbi.nlm.nih.gov/pubmed/21572635
https://www.ncbi.nlm.nih.gov/pubmed/2172859
https://www.ncbi.nlm.nih.gov/pubmed/2172859
https://www.ncbi.nlm.nih.gov/pubmed/2172859
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/18669428
https://www.ncbi.nlm.nih.gov/pubmed/18669428
https://www.ncbi.nlm.nih.gov/pubmed/17964028
https://www.ncbi.nlm.nih.gov/pubmed/17964028
https://www.ncbi.nlm.nih.gov/pubmed/17974913
https://www.ncbi.nlm.nih.gov/pubmed/17974913
https://www.ncbi.nlm.nih.gov/pubmed/17974913
https://www.ncbi.nlm.nih.gov/pubmed/17373878
https://www.ncbi.nlm.nih.gov/pubmed/17373878

Cancer Therapy & Oncology International Journal

34. Sathornsumetee S, Reardon DA, Desjardins A, Quinn JA, Vredenburgh  37. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, et al. (2005)
J], et al. (2007) Molecularly targeted therapy for malignant glioma. Radiotherapy plus concomitant and adjuvant temozolomide for
Cancer 110(1): 13-24. glioblastoma. N Engl ] Med 352(10): 987-996.

35. Asthagiri AR, Pouratian N, Sherman ], Ahmed G, Shaffrey ME (2007)  38. Fine HA, Dear KB, Loeffler ]S, Black PM, Canellos GP (1993) Meta-
Advances in brain tumor surgery. Neurol Clin 25(4): 975-1003. analysis of radiation therapy with and without adjuvant chemotherapy

for malignant gliomas in adults. Cancer 71: 2585-2597.
36. Walker MD, Alexander E Jr, Hunt WE, MacCarty CS, Mahaley MS Jr, et

al. (1978) Evaluation of BCNU and/or radiotherapy in the treatment  39. Stewart LA (2002) Chemotherapy in adult high-grade glioma: a

of anaplastic gliomas: a cooperative clinical trial. ] Neurosurg 49(3): systematic review and meta-analysis of individual patient data from
333-343. 12 randomised trials. Lancet 359(9311): 1011-1018.
This work is licensed under Creative L. i . i
@ @ Commons Attribution 4.0 License Your next submission with Juniper Publishers
DOI: 10.19080/CTOIJ.2019.13.555871 will reach you the below assets

¢ Quality Editorial service
o Swift Peer Review
e Reprints availability
¢ E-prints Service
e Manuscript Podcast for convenient understanding
e Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)
¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

How to cite this article: Syed Daniyal Ahmed Jilanee, Muhammad Mubashir Shabu, Ayesha Lakhani, Mustafa Naeem, Khadija Anwar Ali, Ali Khan.
m Prognosis of Glial Tumors with Cytomegalovirus: A Brief Review of Literature. Canc Therapy & Oncol Int J. 2019; 13(5): 555871.
DOI: 10.19080/CTOIJ.2019.13.555871


http://dx.doi.org/10.19080/CTOIJ.2019.13.555871
https://www.ncbi.nlm.nih.gov/pubmed/17520692
https://www.ncbi.nlm.nih.gov/pubmed/17520692
https://www.ncbi.nlm.nih.gov/pubmed/17520692
https://www.ncbi.nlm.nih.gov/pubmed/17964023
https://www.ncbi.nlm.nih.gov/pubmed/17964023
https://www.ncbi.nlm.nih.gov/pubmed/355604
https://www.ncbi.nlm.nih.gov/pubmed/355604
https://www.ncbi.nlm.nih.gov/pubmed/355604
https://www.ncbi.nlm.nih.gov/pubmed/355604
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/8453582
https://www.ncbi.nlm.nih.gov/pubmed/8453582
https://www.ncbi.nlm.nih.gov/pubmed/8453582
https://www.ncbi.nlm.nih.gov/pubmed/11937180
https://www.ncbi.nlm.nih.gov/pubmed/11937180
https://www.ncbi.nlm.nih.gov/pubmed/11937180
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/CTOIJ.2019.13.555871

	Prognosis of Glial Tumors with  Cytomegalovirus: A Brief Review of Literature
	Abstract 
	Keywords
	Abbreviations
	Introduction 
	Review of Evidence
	 Genetic Involvement of HCMV in GBM

	GBM Prognosis with CMV
	Onco-Modulatory Factors
	Theraputic Role of CMV
	Role of HCMV in GBM

	Conclusion
	References
	Table 1
	Table 2

