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A B S T R A C T

Purpose
Metastatic cervical cancer is a prototypical chemotherapy-refractory epithelial malignancy for
which better treatments are needed. Adoptive T-cell therapy (ACT) is emerging as a promising
cancer treatment, but its study in epithelial malignancies has been limited. This study was
conducted to determine if ACT could mediate regression of metastatic cervical cancer.

Patients and Methods
Patients enrolled onto this protocol were diagnosed with metastatic cervical cancer and had
previously received platinum-based chemotherapy or chemoradiotherapy. Patients were treated
with a single infusion of tumor-infiltrating T cells selected when possible for human papillomavirus
(HPV) E6 and E7 reactivity (HPV-TILs). Cell infusion was preceded by lymphocyte-depleting
chemotherapy and was followed by administration of aldesleukin.

Results
Three of nine patients experienced objective tumor responses (two complete responses and
one partial response). The two complete responses were ongoing 22 and 15 months after
treatment, respectively. One partial response was 3 months in duration. The HPV reactivity of
T cells in the infusion product (as measured by interferon gamma production, enzyme-linked
immunospot, and CD137 upregulation assays) correlated positively with clinical response (P �
.0238 for all three assays). In addition, the frequency of HPV-reactive T cells in peripheral blood
1 month after treatment was positively associated with clinical response (P � .0238).

Conclusion
Durable, complete regression of metastatic cervical cancer can occur after a single infusion of
HPV-TILs. Exploratory studies suggest a correlation between HPV reactivity of the infusion product
and clinical response. Continued investigation of this therapy is warranted.

J Clin Oncol 33:1543-1550. Published by the American Society of Clinical Oncology

INTRODUCTION

Although it is hoped that in the future cervical can-
cer will be prevented by human papillomavirus
(HPV) vaccines and cancer screening, it currently
causes the deaths of more than 4,000 women in the
United States each year.1 In the advanced stage, cer-
vical cancer is a chemotherapy-refractory disease for
which durable palliation or cure is rarely achieved.2

Cervical cancers harbor the HPV oncoproteins,
cancer-driving viral antigens that are highly at-
tractive therapeutic targets.3,4 However, efforts
to target the HPV oncoproteins with therapeu-
tic vaccines have been unsuccessful in advanced

cervical cancer, and evidence that immunother-
apy can induce regression of this disease has
been lacking.

Adoptive T-cell therapy (ACT), infusion of au-
tologous tumor-reactive T cells, can mediate com-
plete clinical responses in some patients with B-cell
malignancies and metastatic melanoma.5-12 Study
of ACT is expanding, but its evaluation in epithelial
malignancies has been limited,3,4,13 and it is un-
known if it can mediate regression of metastatic
cervical cancer. We developed a method for gener-
ating T-cell cultures from HPV-positive cancers and
for selecting when possible HPV oncoprotein–
reactive cultures for administration to patients. We
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initiated a clinical protocol to study if infusion of these cells (HPV-
TILs) can induce cancer regression in patients. Here we report the
clinical and immunologic findings from treatment of a cohort of
women with metastatic cervical cancer.

PATIENTS AND METHODS

Patients

Patients age 18 to 66 years with a pathologically confirmed diagnosis of
metastatic or locally advanced refractory or recurrent cervical cancer were eligible
for the clinical trial. All patients had received prior platinum-based chemotherapy
orchemoradiotherapy.Patientswith� threebrainmetastases thatwere�1cmin
diameter and asymptomatic were permitted to participate. An Eastern Coopera-
tive Oncology Group performance status of 0 or 1 was required.

Study Design

The clinical trial was designed to determine if HPV-TILs could mediate
regression of advanced HPV-positive cancers. Patients were treated in two cohorts
(cervical cancer and noncervical cancer diagnoses). Patients from the cervical
cancer cohort are reported here. The protocol was approved by the National
Cancer Institute Institutional Review Board at the National Institutes of Health
Clinical Center, and informed consent was obtained from all patients. The treat-
ment schema is shown in the Data Supplement. Treatment consisted of a
lymphocyte-depleting conditioning chemotherapy regimen (cyclophosphamide
60 mg/kg intravenously [IV] daily for 2 days and fludarabine 25 mg/m2 daily for 5
days), HPV-TIL infusion IV as a single dose, and aldesleukin 720,000 IU/kg/dose
IV bolus every 8 hours to tolerance or a maximum of 15 doses. Tumor responses
were determined using RECIST (version 1.0). Additional details are provided in
the Data Supplement.

Generation of HPV-TIL Cell Products

HPV-TIL cell products were generated as described in the Data Supple-
ment. Briefly, T-cell cultures were initiated from fragments of metastatic

tumors and expanded using interleukin-2–containing culture media.14 Cul-
tures with lymphocyte outgrowth were tested for reactivity against HPV-16 or
HPV-18 E6 and E7. Cultures were selected for additional expansion14,15 for
patient administration based on HPV oncoprotein reactivity, rapid growth,
high T-cell purity, and high frequency of CD8� T cells.

Immunologic Assays

Infusionproductandperipheralblood(PB)T-cellreactivityagainsttheHPV
antigens was determined as described in the Data Supplement. Briefly, assays were
performed by coculture of T cells with autologous dendritic cells loaded with
peptide pools (15-mer peptides overlapping by 11 amino acids) spanning E6, E7,
or gp100 (negative control). The HPV type of the peptide pools used in assays was
matchedtothatof thepatient’s tumor. Interferongamma(IFN-�)enzyme-linked
immunospot (ELISPOT; Mabtech, Cincinnati, OH) assay and enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN; Thermo Fisher Scien-
tific, West Palm Beach, FL) were performed according to manufacturer instruc-
tions.CD137upregulationassayswereperformedbyflowcytometricanalysisafter
20 to 24 hours of coculture.16

Statistical Analysis

The Mann-Whitney U test was used to test for correlations between HPV
reactivity and clinical response (GraphPad Prism software [version 6.0];
http://www.graphpad.com/scientific-software/prism). Reported P values are
two tailed and not adjusted for multiple comparisons. P values � .05 were
considered statistically significant.

RESULTS

Patient Characteristics

Between April 24, 2012, and May 1, 2014, nine women with
metastatic cervical cancer were treated (Table 1). The median age was
37 years (range, 30 to 59 years). The patients’ tumors were squamous

Table 1. Characteristics of Patients and Administered T Cells

Patient
Age

(years) Histology
HPV
Type Sites of Disease

Prior
RT Prior Systemic Treatment

Cells
(� 109)

Within
CD3� (%)

No. of IL-2
Doses

Response

CD4� CD8� Type
Duration or

TTP (months)

1 30 ASC 18 Iliac lymph nodes, lung, lung
hilum, retroperitoneum,
vaginal cuff

Yes Cisplatin 101.4 29 72 7 PD 1

2 53 SCC 18 Bone, liver, lung, lung hilum,
mediastinum, pelvis

Yes Cisplatin, carboplatin, paclitaxel,
topotecan, ixabepilone
dimethane sulfonate

126.0 10 94 3 PR 3

3 36 SCC 16 Iliac lymph nodes, lung
hilum, mediastinum,
retroperitoneum

Yes Cisplatin, vincristine,
bleomycin, gemcitabine,
paclitaxel, topotecan

152.0 21 83 2 CR 22�

4 55 SCC 16 Axilla, breast, liver,
omentum, pleura, soft
tissue

Yes Cisplatin, carboplatin, paclitaxel,
fluorouracil, irinotecan,
dovitinib, pemetrexed

80.1 23 76 7 PD 2

5 44 SCC 18 Brain, mediastinum,
supraclavicular nodes

Yes Cisplatin 90.0 66 29 5 PD 2

6 36 AC 18 Abdominal wall, liver,
paracolic, pelvis,
retroperitoneum

Yes Cisplatin 74.7 13 86 8 CR 15�

7 59 AC 18 Abdominal wall, lung Yes Cisplatin, paclitaxel, carboplatin,
bevacizumab

33.4 36 58 8 PD 1

8 31 ASC 18 Pelvis, perihepatic mass No Cisplatin, paclitaxel 46.1 64 29 9 PD 2
9 37 AC 18 Axilla, bone, lung,

mediastinum, pelvis,
retroperitoneum

Yes Cisplatin, carboplatin, paclitaxel,
ipilimumab

70.2 33 59 1 PD 1

Abbrevations: AC, adenocarcinoma; ASC, adenosquamous cell carcinoma; CR, complete response; HPV, human papillomavirus; IL-2, interleukin-2; PD, progressive
disease; PR, partial response; RT, radiotherapy; SCC, squamous cell carcinoma; TTP, time to progression.
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cell carcinomas (n � 4), adenocarcinomas (n � 3), or adenosqua-
mous carcinomas (n � 2). The predominant HPV serotype was
HPV-18 (n � 7), with HPV-16 considerably less common (n � 2). All
patients had multiple sites of distant metastatic disease and had been
previously treated with platinum chemotherapy. Six patients had pre-
viously received combination chemotherapy regimens. A median of
80 � 109 (range, 33 to 152 � 109) T cells were administered, consisting
of both CD4� and CD8� T-cell subsets. The median number of
interleukin-2 doses was five (range, one to nine).

Clinical Responses

Three of nine women attained objective tumor responses (two
complete responses and one partial response; Table 1; Figs 1A to 1D).
The partial response was 3 months in duration. The two complete
responses were ongoing 22 and 15 months after treatment, respec-
tively. One woman with a complete response (patient 3) had
metastatic squamous cell carcinoma and had received multiple
combination chemotherapy regimens. Her initial treatment con-
sisted of induction cisplatin, vincristine, and bleomycin followed
by chemoradiotherapy with gemcitabine plus cisplatin. She then
developed disease in paratracheal (biopsy confirmed), subcarinal,
and bilateral hilar lymph nodes and received topotecan and pacli-
taxel. At the time of HPV-TIL treatment, she had progressing
metastatic cervical cancer involving para-aortic, bilateral hilar,
subcarinal, and iliac sites (Figs 1A and 1C). After treatment, she
experienced complete regression at all sites of disease (Figs 1A and
1C). The other patient with a complete response (patient 6) had
metastatic adenocarcinoma. Her primary tumor was refractory to
chemoradiotherapy. Salvage surgery identified para-aortic and il-
iac lymph node involvement and additional pelvic disease. Her
cancer progressed to involve additional retroperitoneal lymph
nodes and the liver surface, and she developed right hydrouretero-
nephrosis and bilateral pulmonary emboli, which required a ure-
teral stent and anticoagulation therapy. At the time of HPV-TIL
treatment, she had progressing tumors at retroperitoneal, abdom-
inal wall, paracolic, parahepatic, and pelvic sites (Figs 1B and 1D).
After treatment with HPV-TILs, she experienced a complete clin-
ical response (Figs 1B and 1D; Data Supplement).

Adverse Events

There were no acute toxicities related to cell infusion. No auto-
immune adverse events occurred. Grade 3 and 4 adverse events are
summarized in Table 2. The most common severe toxicities were
hematologic and the expected result of the lymphocyte-depleting con-
ditioning regimen. Aldesleukin was dosed to tolerance, and its toxici-
ties were generally not severe and resolved with discontinuation of the
drug. No patients were intubated or required hemodialysis, and no
deaths occurred. Serum cytokine levels were examined in the two
patients with complete responses (Data Supplement). Both patients
displayed transient cytokine elevations that were associated with fe-
vers, but neither they nor the other patients manifested severe cytokine
release syndrome.

Correlation of Infused T-Cell HPV Reactivity With

Clinical Response

The frequency of HPV-reactive T cells in the infusion products
was assessed by IFN-� ELISPOT and CD137 upregulation assays
(Figs 2A and 2B). The three patients with the highest frequency of

HPV-reactive T cells in their infusion products (as determined by
either assay) were also the three patients who demonstrated objective
tumor responses. HPV reactivity as measured by IFN-� production
was also greatest in the three responding patients (Fig 2C). Two pa-
tients with no apparent HPV reactivity by any of the three assays did
not have tumor responses. Overall, HPV reactivity, as assessed by each
of the three immunologic assays, was positively associated with tumor
response (P � .0238 for each assay). However, the number of patients
in these exploratory studies was small, and the results must be inter-
preted cautiously.

HPV reactivity was observed in CD4� and CD8� T cells, as
determined by CD137 upregulation, and the target epitopes for
these T cells varied among patients (Data Supplement). Although
CD137 is better established as an activation marker for antigen-
specific CD8� T cells, it has also been used to identify viral
antigen-specific CD4� T cells.16-18 In our data set, CD137 upregu-
lation correlated with IFN-� ELISPOT reactivity (Figs 2A and 2B).
HPV-reactive infused T cells were capable of producing multiple
effector cytokines (Data Supplement). Cytokine production by
TILs was not assessed before their expansion in culture. Infusion
products were not assessed for the presence of T-regulatory cells;
however, in our experience with melanoma, T-regulatory cells
present in excised tumors19 were not detectable in infusion prod-
ucts generated with our methods.20 Analyses of tumor major his-
tocompatibility complex expression and infiltration by CD3�,
CD4�, and CD8� cells did not reveal statistically significant cor-
relations with response to treatment (data not shown).

Correlation of Repopulation With HPV-Reactive T

Cells With Clinical Response

PB samples were studied to determine if infusion of HPV-
TILs induced an increase in the frequency of HPV-reactive T cells
approximately 1 month after treatment (Figs 3A to 3D). Patients
displayed minimal, if any, T-cell HPV reactivity before treatment.
One month after treatment, six of nine patients showed an increase
in T-cell reactivity against E6 and E7 (two patients who received
cells lacking HPV reactivity showed no acquisition of T-cell HPV
reactivity after treatment; Fig 3A). The three patients with the
highest frequency of HPV-reactive T cells in their PB after treat-
ment experienced objective tumor responses. Overall, the fre-
quency of HPV-reactive T cells in PB approximately 1 month after
treatment correlated positively with clinical response (P � .0238).
These results suggest a possible relationship between the repopu-
lation of patients with HPV-reactive T cells and tumor response;
however, study of additional patients will be required to confirm
this finding. One month after treatment, oncoprotein-reactive T
cells from patients 3 and 6 showed the capacity to produce multiple
cytokines (Data Supplement).

Prolonged Repopulation With HPV-Reactive T Cells in

Responding Patients

The PB of patients who experienced a clinical response was ana-
lyzed to determine if the frequency of HPV-reactive T cells remained
elevated at later time points after treatment (Figs 3B and 3C). No
samples were available from patients who did not respond to treat-
ment, because they were taken off protocol after disease progres-
sion. T cells were isolated directly from PB and analyzed without in
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vitro expansion. All three patients displayed elevated PB T-cell
reactivity against E6 and/or E7 but not gp100 (negative control) at
late time points after treatment (up to 2, 13, and 11 months for
patients 2, 3, and 6, respectively). The particular oncoprotein (E6 v

E7) targeted by HPV-reactive PB T cells after treatment was con-
sistent with that targeted by the infused T cells (Data Supplement).
These results suggest that responding patients experienced pro-
longed repopulation with the infused HPV-reactive T cells.
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Fig 1. Complete tumor responses in two patients with metastatic cervical cancer treated with tumor-infiltrating T cells selected for human papillomavirus E6 and E7 reactivity
(HPV-TILs). Change from pretreatment baseline in longest diameter of individual metastatic tumors after treatment with HPV-TILs for patients (A) 3 and (B) 6. Contrast-enhanced
computed tomography scans obtained before treatment and at most recent follow-up for these patients. (C) Patient 3 had disease involving para-aortic, bilateral hilar, subcarinal, and
left iliac lymph nodes (gold arrows). Left hilar tumor seen on second and third images from top is same tumor at different slice levels. Patient had no evidence of disease 22 months
after treatment. (D) Patient 6 had metastatic disease in para-aortic lymph node, abdominal wall, aortocaval lymph node, left pericolic pelvic mass, and right ureteral nodule (gold arrows).
Additional tumors were present on liver surface and were visualized best with magnetic resonance imaging (Data Supplement). Patient had no evidence of disease 15 months after
treatment. Red arrowhead indicates ureteral stent that was removed after right ureteral tumor regressed.
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1546 Published by the American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



DISCUSSION

We report objective tumor regression in patients with metastatic cer-
vical cancer after treatment with tumor-infiltrating T cells selected for
reactivity against HPV E6 and E7. Two patients, one with squamous
cell carcinoma and the other with adenocarcinoma, experienced com-
plete cancer remissions that were ongoing 22 and 15 months, respec-
tively, after a single infusion of T cells. These results may have
important implications for immunotherapy of cervical cancer and for
the expanded application of cellular therapy.

Metastatic cervical cancer is a difficult-to-treat condition that is
generally incurable. First-line chemotherapy consists of platinum-
based combinations that rarely provide durable disease control.2 Ad-
dition of bevacizumab to first-line chemotherapy improves median
overall survival by a few months and has been a step forward,21 but
better treatments are still needed. Second-line chemotherapy has low
response rates and no demonstrated survival benefit,2 and clinical
trials of molecularly targeted small molecules have not identified new
agents with greater response rates.22-24 Innovative therapeutic ap-
proaches that circumvent the inherent limitations of traditional on-
cology drugs are needed.

Immunotherapy acts through mechanisms that are distinct from
traditional systemic therapies. It is an attractive strategy for cervical
cancers because these tumors nearly universally harbor the HPV E6
and E7 antigens.3,4 E6 and E7 are appealing therapeutic targets because
they are constitutively expressed, tumor specific, and functionally
important, and they can be recognized and attacked by the human
adaptive immune system.3,4,25 Prior efforts to treat cervical cancer by
directing immune responses against E6 and E7 have focused primarily
on the induction of endogenous T-cell responses through therapeutic
vaccination. In premalignant HPV-positive disease (eg, vulvar intra-
epithelial neoplasia), encouraging results have been attained with a
long-peptide vaccine.26 However, in invasive cervical cancer, vaccines
have failed to demonstrate clear clinical activity.27-31 Immune check-
point blockade is an active area of investigation for wide-ranging
cancers, but the use of this approach for cervical cancer has not been

reported. The results of our study demonstrate that immunotherapy
can mediate long-lasting regression of chemotherapy-refractory met-
astatic cervical cancer, and they provide additional support for the
investigation of immune-based treatments for this disease.

Table 2. Adverse Events (grades 3 and 4)

Adverse Event No. of Patients

Anemia 9
Lymphopenia 9
Leukopenia 9
Neutropenia 9
Thrombocytopenia 9
Infection� 6
Febrile neutropenia 5
Metabolic disorders 5
Nausea/vomiting 4
Fatigue 3
Diarrhea 2
Hypoxia 2
Syncope 1
Hypotension 1
Hemorrhage† 1
Ureteral obstruction 1

�Includes positive surveillance blood cultures.
†Associated with radiation cystitis and colitis.

Fig 2. Human papillomavirus (HPV) reactivity of infused T cells. Infusion products for
each patient were assessed for reactivity against HPV type–specific E6 and E7 onco-
proteins using (A) interferon gamma (IFN-�) enzyme-linked immunospot, (B) CD137
upregulation, and (C) IFN-� production assays. For patients 3 and 4, HPV-16–positive
oncoprotein peptide pools were used; for patients 1, 2, 5, 6, 7, 8 and 9, HPV-18–positive
oncoprotein peptide pools were used (Table 1). Values shown represent sum of E6
and E7 reactivity after background subtraction (data for each antigen and negative
control are provided in Data Supplement). Data are representative of � two
independent experiments, each performed in duplicate wells. NR, nonresponding
patient; R, responding patient.
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The patients in this study had cancers that constitutively ex-
pressed the HPV oncoproteins, and the administered T cells were
selected to target these antigens. The HPV reactivity of T cells in the
infusion products and the frequency of HPV-reactive T cells in pa-
tients’ PB after treatment correlated with tumor response. These re-
sults suggest the infused HPV-reactive T cells played a role in the
clinical responses. However, they do not definitively demonstrate such
a role, because so-called bystander T cells with other antigen specific-
ities were also administered and may have been responsible for the
observed clinical responses. Tumor responses to TIL therapy in mel-

anoma can be mediated by T cells with reactivity against mutated-gene
products.32 Cervical cancers also harbor somatic gene mutations,33,34

and the cells administered to our patients may have included T cells
targeting these mutations. Studies of TIL reactivity against non-HPV
tumor antigens may provide additional insight into the mechanisms
of tumor regression in this therapy. Also, when a greater number of
patient samples can be studied, comparisons between the frequencies
of persisting tumor-reactive T cells in melanoma and cervical cancer
TIL therapies may be interesting, although they may be confounded
by differences in the antigens expressed by these cancers. Finally,

Fig 3. Repopulation of patients with human papillomavirus (HPV) –reactive T cells after treatment with tumor-infiltrating T cells selected for HPV E6 and E7 reactivity.
Peripheral blood (PB) samples from before and after treatment were assessed by interferon gamma (IFN-�) enzyme-linked immunospot for reactivity against HPV
oncoproteins. For patients 3 and 4, HPV-16–positive oncoprotein peptide pools were used; for patients 1, 2, 5, 6, 7, 8 and 9, HPV-18–positive oncoprotein peptide pools
were used (Table 1). (A) HPV reactivity of PB T cells from responding (blue) and nonresponding (gold) patients before and 19 to 42 days after treatment. (B, C, D) HPV
reactivity of PB T cells from responding patients (B) 2, (C) 3, and (D) 6 at late time points after treatment. Error bars represent standard deviations of duplicate wells
in same experiment except in patients 3 (month 4) and 6 (months 1, 3, and 11), which are single determinations. This experiment was repeated once with slightly
different time points and similar results.
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post-treatment studies of samples from regressing tumors rather than
PB may provide additional insight into how this cellular therapy
mediates tumor regression.

The identification of mechanism-based predictive biomarkers
that could guide treatment decisions is an important goal in oncology
drug development. HPV-TILs are a highly personalized treatment
permitting biomarker studies that are not possible with traditional
off-the-shelf drugs. In HPV-TIL therapy, the drug itself (ie, cell infu-
sion product) consists of the patient’s cells and can be analyzed for
characteristics that might correlate with clinical response. We found
that the magnitude of HPV reactivity of the infusion products (mea-
sured by IFN-� production, ELISPOT, or CD137 upregulation) was
associated with clinical response (Figs 2A to 2C). The number of
patients studied is small, so the data must be interpreted with
caution. However, the results of this exploratory analysis merit
further study in a larger number of patients. With TIL therapy for
melanoma, expression of CD27 and telomere length of the infused
T cells are associated with clinical response, but there is consider-
able overlap between responding and nonresponding patients8;
such investigations may be informative for HPV-TILs when a
greater number of patients can be studied.

The lymphocyte-depleting conditioning regimen used in this
protocol increases the toxicity of therapy but enhances the antitumor
activity of infused T cells through indirect mechanisms.3,35 Whether it
has direct cytotoxic clinical activity in platinum-treated cervical cancer
is unknown. Fludarabine has no direct antitumor activity in cervical
cancer.36 Cyclophosphamide has clinical activity in diverse malignan-
cies, but it has not been studied as a single agent for cervical cancers in
the era of objective response criteria. Cyclophosphamide is not used in
the treatment of cervical cancer, but its analog, ifosfamide, has a
response rate of 16% in platinum-naive patients.37 In platinum-
treated patients, like those in this trial, the response rate is 11%, and the
response duration is short (three of 27 partial responses, ranging from
1.8 to 3.1 months in duration).38 Thus, the direct antitumor effect of
the single cycle of conditioning chemotherapy administered to the
patients in this trial is uncertain, but it probably does not account for
the durable, complete responses that were observed. It did, however,
contribute to the severe hematologic toxicities noted in all patients,
and strategies to reduce or eliminate the preparative regimen are an
area of active investigation.

In this protocol, tumor responses occurred in patients with two
distinct cervical cancer histologies: squamous cell carcinoma and ad-
enocarcinoma. Additional research will be required to determine if

squamous and glandular carcinomas from noncervical anatomic sites
also can respond to HPV-TILs and other cellular therapies. Extension
of ACT to common epithelial cancers may depend more on the pres-
ence of antigens that can be targeted without severe autoimmune
toxicity than on the sensitivity of certain malignancies to T cell–
mediated recognition and killing.4 This notion is supported by the
diversity of tumor types that seem to respond to ACT (melanoma,7,8

synovial cell sarcoma,7 and B-cell malignancies5,6,9,11,12) as well as by
our report of tumor regression in two novel epithelial histologies.
Whether HPV-TILs can also mediate regression of HPV-positive car-
cinomas of the oropharynx, anus, vulva, vagina, or penis is under
investigation in the noncervical cancer cohort in this clinical trial.
However, at this time, accrual and follow-up are insufficient to draw
conclusions about potential clinical benefit.

Cervical cancer is a major worldwide health problem that is best
addressed with preventative vaccines and screening programs. How-
ever, vaccine uptake in the United States has been lower than hoped,
and screening is imperfect (both patients with complete tumor re-
sponses described here had endocervical cancers that were reportedly
missed by screening). Patients continue to develop advanced disease
for which better treatments are needed. ACT is a highly personalized,
novel therapeutic approach that may circumvent the inherent limita-
tions of chemotherapy in cervical cancer. Further study of HPV-TILs
is warranted.
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■ ■ ■

GLOSSARY TERMS

adoptive T-cell therapy: the culture and expansion of T
lymphocytes outside the body and then the infusion of those
lymphocytes into patients for therapeutic purposes.

HPV E6: a protein that forms a complex with an E3 ubiquitin
ligase, E6-associated protein (E6AP), and ubiquitinates the p53
tumor suppressor protein. The ubiquitination causes rapid deg-
radation or destabilization of p53, thus resulting in deregulation
of the cell cycle and proliferation, induction of cellular immortal-
ization, and antiapoptosis.

HPV E7: a protein that binds to the cullin 2 ubiquitin ligase
complex and ubiquitinates the retinoblastoma tumor suppressor
protein. The ubiquitination causes rapid degradation or destabili-
zation of the retinoblastoma tumor suppressor protein, thus

resulting in deregulation of the cell cycle and proliferation, induction of
cellular immortalization, and antiapoptosis.

human papillomavirus (HPV): a double-stranded DNA virus
from the papillomaviridae family. Human papillomavirus is a cause of
cervical cancer as well as of a subset of cancers of the anus, oropharynx,
penis, vagina, and vulva.

immunotherapy: a therapeutic approach that uses cellular and/or
humoral elements of the immune system to fight a disease.

Response Evaluation Criteria in Solid Tumors
(RECIST): a model proposed by the Response Evaluation Criteria
Group by which a combined assessment of all existing lesions, charac-
terized by target lesions (to be measured) and nontarget lesions, is used
to extrapolate an overall response to treatment.
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