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Abstract

Background. Overall survival (OS) in glioblastoma (GBM) is poor at an average of 14 to 18 months, and long-term
survivors (LTS) of GBM are rare. LTS of GBM, defined as surviving >5 years postdiagnosis, represent only 2% to
10% of all GBM patients. LTS of cancer are at high risk of developing second primary neoplasms. This study looks
at occurrences of second primary neoplasms in LTS of GBM.

Methods. Records from adult patients newly diagnosed with GBM between January 1, 1998 and February 8, 2010,
were retrospectively reviewed to identify LTS, defined as patients who survived >5 years. We focused on the iden-
tification of a new diagnosis of cancer occurring at least 2 years after the initial GBM diagnosis.

Results. We identified 155 LTS of GBM, with a median OS of 11.0 years (95% CI: 9.0 to 13.1 years) and a median
follow-up of 9.6 years (95% CI: 8.7 to 10.7 years). In this cohort of patients, 13 (8.4%) LTS of GBM developed 17
secondary cancers. Eight could potentially be attributed to previous radiation and chemotherapy (skin cancer in
radiation field [n = 4], leukemia [n = 2], low-grade glioma [n = 1], and sarcoma of the scalp [n = 1]).The other 9 cases
included melanoma (n = 2), prostate cancer (n = 2), bladder cancer (n = 1), endometrioid adenocarcinoma (n = 1),
basal cell carcinoma (n = 1), and renal cell carcinoma (n = 1).

Conclusions. Although second primary cancers are rare in GBM LTS, providers should continue close monitoring
with appropriate oncologic care. Moreover, this highlights the need for survivorship care of patients with GBM.
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Primary brain tumors represent 1% of all diagnosed cancers.
Glioblastoma (GBM), the most aggressive and malignant
form, is the most common primary glial tumor diagnosed in
adults. The survival rate of patients with GBM (WHO grade
IV) continues to be poor and ranges from 1.9% to 9.8% (in the
landmark study of concomitant/adjuvant temozolomide with
radiotherapy vs radiotherapy alone) of patients surviving at
5 years postdiagnosis."? However, advances in imaging and
treatment have resulted in a gradual improvement of survival
outcomes.3*

The standard of care for newly diagnosed GBM involves
surgical resection followed by temozolomide concurrent with

radiation therapy and adjuvant temozolomide.® A recent up-
date to the National Comprehensive Cancer Network (NCCN)
guidelines for newly diagnosed GBM also included the use of
tumor-treating fields during adjuvant temozolomide. Radiation
therapy is a key component in the treatment of GBM at initial
diagnosis and at recurrence as stereotactic single-dose radio-
surgery and/or fractionated stereotactic radiotherapy.®” While
radiation therapy is deemed as essential component of GBM
treatment, cancer can develop from exposure to radiation
therapy and this is well documented and described.®° This
risk is also well described in the childhood cancer population,
notably development of meningiomas in the CNS of survivors
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of acute leukemias who received craniospinal radiation."
Even with low-dose radiation, children treated for Hodgkin
lymphoma remained at high risk for second primary malig-
nant neoplasms.8

Furthermore, the development of second primary can-
cer is linked to exposure to chemotherapy. Patients who
undergo allogeneic hematopoietic stem cell transplan-
tation with high-dose chemotherapy are at risk for the
development of second primary cancers. These can occur
approximately 10 years after treatment with common sec-
ond primary malignancies including breast cancer, lung
cancer, skin cancer, oral cancer, and cancers of the geni-
tourinary tract.’®'® While high-dose chemotherapy and
stem cell transplantation are not standard treatments for
GBM, second primary hematological malignancies such
as myelodysplasia, leukemia, or non-Hodgkin lymphoma
can developed in association with extended exposure to
the alkylating agent temozolomide. " This observation
that long-term alkylating chemotherapy can lead to second
primary malignancies is well documented in patients with
cancers including lymphoma, brain tumors, and gyneco-
logical cancers.'®

Similar to LTS of other primary cancers, there is a prob-
able risk of second primary neoplasms in adult LTS of
GBM. Understanding the prevalence of second primary
cancers in this unique and rare population is critical to
determine the need for ongoing patient monitoring and
medical and psychosocial support. Understanding the pos-
sibility of the development of second primary cancers pro-
vides a more in-depth education of the benefits and risks of
chemotherapy in the GBM population. Furthermore, these
characteristics inform physician and patient expectations
in the case of long-term survivorship of these very malig-
nant tumors. This study investigates an understudied situ-
ation, the risk of second primary neoplasms in the unique
cohort of GBM LTS.

I
Methods

Inclusion Criteria and Data Collection

In a retrospective analysis that was approved by the insti-
tutional review board (Pro00021750) at the Preston Robert
Tisch Brain Tumor Center at Duke, adult (ages >18 years
at time of diagnosis) GBM LTS were defined as achieving
survival greater than or equal to 5 years from initial GBM
diagnosis. In addition to the aforementioned criteria, other
inclusion criteria included a histologically confirmed diag-
nosis of GBM and treatment between January 1, 1998 and
August 31, 2011.The histopathology was centrally reviewed
at Duke and confirmed in neuropathology consensus
conference. Of note, analysis and use of the mutational
status of isocitrate dehydrogenase and methylation of
methylguanine methyltransferase were not actively being
performed at this time so these were not included in the
histopathology determination. Clinical characteristics that
were collected on eligible GBM LTS included treatment of
GBM with surgery, radiation, and/or chemotherapy and
types of therapies used. Second primary cancers were
identified by searching for a second primary cancer that

developed at least 2 years after the initial diagnosis of
GBM in the GBM LTS population. Demographic data were
obtained for the GBM LTS including the date of second pri-
mary cancer diagnosis, as well as the location, pathology,
and treatment of the second primary cancer.

Statistical Analysis

Descriptive statistics were performed on the available
demographic characteristics of GBM LTS with second pri-
mary cancers. Kaplan—-Meier methods were used to es-
timate median overall survival (OS) in GBM LTS. OS was
defined as the time from initial GBM diagnosis to the time
of death, or until last contact if the patient was still alive.
Time to the diagnosis of second primary cancer was de-
fined as the date of initial diagnosis of GBM until the date
of diagnosis of the second primary cancer.

I
Results

As of January 28, 2014, we identified 155 LTS of GBM with
a median OS of 11.0 years (95% Cl: 9.0 to 13.1 years) and a
median follow-up of 9.6 years (95% Cl: 8.7 to 10.7 years). In
this cohort, there were 17 new and/or second primary can-
cers in 13 GBM LTS (Table 1). Of these 17 cancers, 8 (47%)
could potentially be attributed to previous treatment with
radiation and chemotherapy, including skin cancer (n = 4
[24%]), leukemia (n = 2 [12%]), low-grade glioma (n = 1
[6%]), and sarcoma of the scalp (n = 1 [6%]). The other 9
(53%) cases included melanoma (n = 3), prostate cancer
(n = 2), bladder cancer (n = 1 [6%]), endometrioid adeno-
carcinoma (n = 1 [6%]), basal cell carcinoma (BCC) (n =1
[6%]), and renal cell carcinoma (n = 1 [6%]). For the 13 LTS
with new/second primary cancer, the mean age at GBM
diagnosis was 52.9 + 11.6 years and the mean age at new/
second primary cancer diagnosis was 60.0 + 11.0 years.
Median time from GBM diagnosis to new/second primary
cancer diagnosis was 7.8 years (range, 2.7 to 11.5 years).
Out of the 13 patients who had second primary neoplasms,
8 died from GBM, 2 died from leukemia, and 3 were still liv-
ing as of December 19, 2017. Below, we include a descrip-
tion of selected GBM LTS patients who developed second
primary cancers.

Patient 2 was diagnosed with GBM (WHO grade V) at
the age of 61. The patient underwent a gross total resec-
tion followed by external-beam radiation with concurrent
temozolomide. The patient completed 12 months of adju-
vant temozolomide followed by serial imaging.The patient
developed leukemia 8 years after the initial diagnosis of
GBM.The patient received systemic chemotherapy to treat
the leukemia and died from leukemia about 3 months after
the diagnosis.

Patient 11 developed leukemia after having a gross total
resection and standard chemoradiation followed by 1 year
of adjuvant temozolomide for treatment of GBM. The leu-
kemia was diagnosed 7 years after the initial diagnosis of
GBM.The patient received systemic chemotherapy to treat
the leukemia and died from complications of neutropenic
sepsis second primary to treatment of leukemia.

aonpoeid

ABojoouQ-oinaN




f glioblastoma

ivors o

long-term surv

imary cancer in

ewouldiedouspe

"apIWO|0ZOWa) ‘Z|\] ‘U0I}28Sal [BI0}GNS ‘Y| S ‘UoneIpel
puE BpIWO|0ZOWa} JUBLINIUOI ‘UDIRIPEIOWBYD PIEPUEIS ‘[BAIAINS [[BIBAC ‘SO ‘B|qE|IBAR JOU ‘W ‘B]BW ‘| ‘SIOAIAINS Wid}-Buo| ‘ST ‘uoioasal [e30} ss04B ‘Y| O ‘ewolseqol|b ‘N gD ‘ajeway 4 :suoneinaiqqy

uolelpelowayo piep

NgD wouy paig Awo1o0191sAH wnswopus plol1aWopus | apeln) 99 -UB)S J9JBM BUIISNWLIED YIIM Y| D L GG cL
Adessylowayd Aq pamoj|o}
NgD woly paig uoioesay 1sppeig 18dued Jsppe|g 0L auoje uonelpel ‘Y19 1724 99 cl
elwayng| e|wadng| Adeiayjowayd Aq pamoj|o}
woJy palq Adessyloway) olwelsAg o11AooydwA| e1noe |90 g 19 suo|e uolnelpes ‘Y| o 8z S 1L
uollelpel piepuels
NgD woly paig Awooaiydan Asupry BWOuUIdJeD |99 [BUSY LL Ag pamoi|o} [eli} [edIUID ‘YLD Ll 9 oL
uoI109say 39ayd Yo BWIOUIDIED |99 |eSeg 69
a|0zoJ)seue
Al pue AwoloadwnT 1sealg J99ueD Jsealg 99 uollelpeiowayd piepuels ‘Y| o VN 6G 6
Al uol1199say Jea ybry ewIouldJed ||99 |eseq 7S uolleipes piepuels ‘41 o VN 4% 8
(ZINL (11 epesb uoleipeiowayd piep
INgD woly paig  Ajiep) Adessyjowsy) uleig OHM) ewol|boipuspobi|0 PG -UelS “J9JeM BulISNWIED YIIM Y1 D 99 1% L
uo0I1109s9Yy weal0)1ybiy ewouejdw jueubije|n o€
YN uol109say djeog BWOJJES palellualayipun 8c uolleIpRIOWAYD PJEpUE]S ‘Y] D VN 9z 9
NgD wouy paig AdesayloAin aje1sold 199Ue9 91e1S0.d €9 uolleIpEIOWSYD PIepUER]S ‘Y| D L 09 G
Je[noune BWOUIIBD
Asdoig Jouaysod 1ybiy 1190 |eseg 19
Bwoulded
wisijoquwis Asdol aqo|lea 1ybi 20 |ese L9
Ateuow|nd e qaol 4bld 189 [esed auo|e uolleipes piepuels ‘ZIAL
wouy paiqg Asdoig moligaAa 1ybiy BWOUIdJeD |90 snowenbg 19 Aep-G o so|0A0 f Juouydn ‘Y S G'9 S v
Adeisayjowayo pue
NgD wouy paig Adeuayy uoneipey a1elsold 199UBd 91P1S0Id 19 uolleIpeIOWaYd plepuels ‘Y| o 9 €9 €
elwayna| Adesaylowayo
wouy paig asop-ybiH olwelsAg elwayna 69 uolleIpeIOWaYd plepuels ‘Y1 o €8 19 4
901 JO
gD wouy paig uoileindwe ‘uoioasay 901 Yyl Yo ewoue|[aA 6E uolleIpEIOWaYd pIepuUEelsS ‘Y| D Syl 9¢g L

(s1s A ‘sisoubeiq A ‘sisou A ‘sisou
-Ajeuy jo awi) juawieal) 199 uoieso 199 ABojoyired 199uen Aewid -beig nNgo -6e1g NgD 'ON
je) awo9lnQ -ue) Aiewid puodsag -ued Alewld puodsasg puo2ag e aby woiy SO je aby xag juaned

139ue) Atewind puosasg

juawieal NGO

sonsialorIRY) Jaouey) Alewiid puodag pue uaned S1TIN99 L alqeL

Kim et al. Second pr

388




Kim et al. Second primary cancer in long-term survivors of glioblastoma

Patient 6 was diagnosed with right parietal GBM at the age
of 26.The patient had a resection and subsequently received
a full course of radiation therapy with concurrent low-dose
temozolomide, followed by 16 cycles of temozolomide and
occasional use of isotretinoin. The patient was followed with
serial MRIs until diagnosed with high-grade sarcoma of the
scalp, at which point the patient underwent surgical resec-
tion (positive margin on the dura) followed by postoperative
radiotherapy (Fig. 1). This patient was still alive as of the last
follow-up, December 19, 2017.

In addition to the specific aforementioned cases, numer-
ous skin cancers including BCC, squamous cell carcinoma,
and melanoma were noted among the patients who had
second primary cancers after diagnosis and treatments of
GBM.

I
Discussion

Our study indicates that second primary cancers can
occur in LTS of GBM. GBM LTS are rare, with 2% to 10%
of patients surviving 5 years postdiagnosis."?%' Recent
advances in imaging to detect recurrence before excessive
symptomology have modestly improved survival in GBM
by increasing the timely use of therapies such as oral che-
motherapies and antiangiogenic agents and allowing for
well-timed involvement in clinical trials. With this increase
in survival, providers and patients are confronted with the
late toxicities of treatment such as cognitive dysfunction,
functional decline, and on rare occasions, second primary
cancers.

As mentioned above, providers and patients have not
contended with second primary cancer in this particular
population because, as a whole, GBM patients have not
lived long enough to be diagnosed with a second pri-
mary cancer. However, second primary cancers are more
common and well studied in many childhood cancer LTS
and adult LTS of other cancer types for which long-term
follow-up and observations have been possible. Survivors
of childhood cancers have experienced second primary
cancer presumably due to the exposure to radiation ther-
apy. A cohort study with more than 30 years of follow-up
by Dorffel and colleagues found that 85% of patients who
had radiation therapy for treatment of Hodgkin lymphoma
in childhood and adolescence developed second primary
solid tumors in the irradiated region. This study suggested
that the patients must be informed about the risk of sec-
ond primary neoplasms in the irradiated lesion and should
undergo regular follow-ups.?° Given that the first-line ther-
apy of GBM is radiation, GBM LTS could be at significant
risk of developing second primary neoplasms in the irra-
diated regions of their brain. With increased LTS in GBM
and knowledge of the risk of second primary neoplasm
in patients who receive radiation, a study identifying the
prevalence of second primary neoplasms in GBM LTS is
a useful tool in guiding future care of LTS. Moreover, pro-
viders for GBM patients should discuss second primary
cancers as part of a survivorship program.?' Other pri-
mary cancer specialists have developed survivorship pro-
grammatic guidelines and/or recommendations that aid
providers.?

Out of 155 GBM LTS identified, there were 17 second pri-
mary cancers among 13 GBM LTS. Thirteen out of 17 cases
were skin cancers including melanoma, squamous cell
carcinoma, and BCC. These 13 cases could be second pri-
mary to previous chemotherapy and/or radiation therapy
as reported in other adult and childhood cancer survivors.
Watt and colleagues performed a study to find the associa-
tion between radiation therapy and BCC in childhood can-
cer survivors. Among case individuals, radiation therapy
alone or in combination with chemotherapy was associ-
ated with an increased risk of BCC compared with no che-
motherapy or radiation.?® Given that there is an associated
risk of BCC with previous radiation and chemotherapy, it
is possible that this risk can extend to other cancer types
depending on where the radiation is applied and what type
of chemotherapy was previously used. Additionally, with
this association, it is reasonable to assume that patients
with GBM who live longer are at risk of developing can-
cers as they age, including but not limited to skin cancers,
breast cancer, and prostate cancer. Etiology of the second
primary cancers from this study could not be determined;
however, the detailed case descriptions that were included
in the text do suggest that cancers developed in the treat-
ment field of radiation. These included a sarcoma of the
scalp in the radiation field and skin cancers within the radi-
ation field. The number of cases is too small to suggest any
direct association between exposure to systemic chemo-
therapy and the development of leukemia. However, this
study showed that 2 LTS patients who received systemic
chemotherapy developed leukemia and died from leuke-
mia, not from GBM.

The retrospective study design and absence of genetic
information of specific patients (genetic cancer syndromes)
are the primary limitations of this study. Understanding the
genetic makeup of the primary tumor is relevant for antici-
pating the location/type of any second primary cancer that
may present. For example, approximately 5% to 10% of all
breast cancer can be accounted for by germline mutations
in the breast cancer (BRCA1 and BRCA2) genes responsi-
ble for hereditary breast and ovarian cancer syndrome.?*
It is critical to note that the development of these second
primary cancers could point to underlying germline muta-
tions that could include p53 (Li-Fraumeni syndrome),
NF1 (neurofibromatosis type 1) or mismatch repair genes
(Lynch syndrome).?® Providers should consider a referral/
consultation with cancer genetic providers if there is a sus-
picion of genetic/germline cause of the multiple malignan-
cies. Advances in understanding genetic characteristics
and traits of primary brain tumors will improve identifying
the association between the genotype and second primary
cancers and anticipating possible second primary cancers.

The finding of second primary cancers in GBM LTS
raises several issues concerning management and coun-
seling for these patients. One such issue is the need for
continued clinical and radiological surveillance for signs of
secondary cancers 5 years or more after initial diagnosis of
GBM. Currently, there are no clinical trials that define op-
timal frequency for follow-up after GBM therapy; however,
the NCCN recommends, “a repeat MRI should be obtained
four weeks after completion of radiation therapy, then
every two to four months for two to three years, and less
frequently thereafter” While ceasing regular evaluation
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Fig. 1

(Left) MRI T1+ contrast coronal of scalp sarcoma adjacent to original craniotomy site (Patient 6); (right) MRI T1+ contrast sagittal 1 year be-

fore scalp sarcoma diagnosis (Patient 6); white arrow indicates location of scalp sarcoma.

following a protracted disease-free period may be ap-
pealing to physicians, patients, and institutions, these data
suggest that even with long-term absence of disease fol-
lowing treatment (> 2 years), there continues to be a risk
for second primary cancers. Protracted GBM LTS surveil-
lance is thus warranted to maximize prompt diagnosis and
treatment of second primary cancers.

Understanding the risk of second primary neoplasms in
GBM LTS is necessary to determine the need for ongoing
patient monitoring and medical support as well as for psy-
chosocial support. GBM LTS may benefit from being better
informed of their risk of acquiring second primary cancers
even after protracted disease-free periods. Physicians
should be prepared to inform their patients to remain
vigilant for new symptoms for years after diagnosis, and
patients themselves may benefit from support groups
catering to the specific needs and challenges of GBM LTS.
An ideal GBM LTS support group could address and iden-
tify the risk of second primary neoplasms and help patients
to adopt behaviors associated with better outcomes
such as regular exercise, which has been associated with
increased OS following GBM diagnosis.?® To have better
understanding and identification of the risk of second pri-
mary neoplasms in GBM LTS, future research is warranted.

In conclusion, GBM LTS are at risk of having second
primary cancers after cessation of treatment. This study
provides new information that second primary cancers in
GBM LTS remain a possibility even after years of disease-
free status following treatment cessation. Further studies
to identify the types of second primary cancers and the
associated treatments of the original cancer in GBM LTS
are needed. Further studies, across multiple institutions,
are warranted to validate the secondary cancer rates that
were present at Duke University Medical Center, and to de-
termine the true probability of acquiring second primary
cancers following long-term survival of a GBM therapeutic
regimen. The continued observation of second primary
cancers from a large study as improvements in the treat-
ment of GBM occur would indicate the need for patient

surveillance programs and psychosocial survivor support
catering to the unique needs of GBM LTS.
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