
Report of the statutory auditor
with consolidated financial statements as of 31 December 2021 of
CRISPR Therapeutics AG, Zug



Ernst & Young LtdAeschengraben 27 P.O. BoxCH-4002 Basle

Phone: +41 58 286 86 86Fax: +41 58 286 86 00www.ey.com/ch

To the General Meeting ofCRISPR Therapeutics AG, Zug Basle, 15 February 2022

Report of the statutory auditor on the consolidated financial statements
OpinionAs statutory auditor, we have audited the consolidated financial statements ofCRISPR Therapeutics AG and its subsidiaries (pages F-4 to F-35), which comprise theconsolidated balance sheets as of 31 December 2021 and 31 December 2020, and therelated consolidated statements of operations and comprehensive (loss) income,consolidated statements of shareholders’ equity, consolidated statements of cash flows, andnotes to the consolidated financial statements for each of the three years in the period ended31 December 2021.
In our opinion, the consolidated financial statements present fairly, in all material respects,the consolidated financial position of the Group as of 31 December 2021 and31 December 2020, and the consolidated results of its operations and its cash flows for eachof the three years in the period ended 31 December 2021, in accordance with U.S. generallyaccepted accounting principles and comply with Swiss law.
Board of Directors’ responsibilityThe Board of Directors is responsible for the preparation of the consolidated financialstatements in accordance with U.S. generally accepted accounting principles and therequirements of Swiss law. This responsibility includes designing, implementing andmaintaining an internal control system relevant to the preparation of consolidated financialstatements that are free from material misstatement, whether due to fraud or error. TheBoard of Directors is further responsible for selecting and applying appropriate accountingpolicies and making accounting estimates that are reasonable in the circumstances.
Auditor’s responsibilityOur responsibility is to express an opinion on these consolidated financial statements basedon our audits. We are a public accounting firm and are required to be independent withrespect to the Company. We conducted our audits in accordance with Swiss law, SwissAuditing Standards and the standards of the Public Company Accounting Oversight Board(United States) (PCAOB). Those standards require that we plan and perform the audits toobtain reasonable assurance about whether the consolidated financial statements are freefrom material misstatement, whether due to fraud or error.
An audit involves performing procedures to obtain audit evidence about the amounts anddisclosures in the consolidated financial statements. The procedures selected depend on theauditor’s judgment, including the assessment of the risks of material misstatement of theconsolidated financial statements, whether due to fraud or error. In making those riskassessments, the auditor considers the internal control system relevant to the entity’spreparation of the consolidated financial statements in order to design audit procedures thatare appropriate in the circumstances.
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An audit also includes evaluating the appropriateness of the accounting policies used and thereasonableness of accounting estimates made, as well as evaluating the overall presentationof the consolidated financial statements. We believe that the audit evidence we haveobtained is sufficient and appropriate to provide a basis for our audit opinion.
Critical Audit MattersThe critical audit matters communicated below are matters arising from the current periodaudit of the consolidated financial statements that were communicated or required to becommunicated to the audit committee and that: (1) relate to accounts or disclosures that arematerial to the consolidated financial statements and (2) involved our especially challenging,subjective, or complex judgments. The communication of critical audit matters does not alterin any way our opinion on the consolidated financial statements, taken as a whole, and weare not, by communicating the critical audit matters below, providing separate opinions on thecritical audit matters or on the accounts or disclosures to which they relate.
Estimation of Variable Consideration for ongoing Collaboration Agreements
Descriptionof the Matter As discussed in Note 9 to the consolidated financial statements, theCompany has multiple ongoing collaboration agreements which includerights to future payments totaling up to $2.2 billion as of 31 December2021 that are payable upon the achievement of various developmental,regulatory and commercial milestones related to certain programs underdevelopment. These future payments represent variable considerationthat is included in the transaction price for these collaborationagreements to the extent that the Company determines it is probable thata significant revenue reversal of cumulative revenue recognized underthe contract will not occur. When the Company cannot conclude that it isprobable that a significant revenue reversal of cumulative revenue underthe contract will not occur, the Company constrains the related variableconsideration resulting in its exclusion from the transaction price. TheCompany’s estimation of variable consideration to be constrainedimpacts the reported amounts of revenue and deferred revenue within theconsolidated financial statements.

In determining the portion of the transaction price to be constrained,management considers the probability and uncertainty of whether therelated developmental, regulatory and commercial milestones will beachieved given the nature of clinical development and the stage of theunderlying programs. This assessment is performed at each reportingperiod. In making this evaluation, management considers both internaland external information available including information from industrypublications, the stage of development of the underlying programs andother relevant factors. Changes to the constraint of variable considerationcan have a material effect on the amount of revenue recognized in thefinancial reporting period. As a result, auditing the accounting for theapplication of constraint to variable consideration required complexauditor judgement.
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How WeAddressedthe Matter inOur Audit

We obtained an understanding, evaluated the design and tested theoperating effectiveness of controls over the Company’s revenuerecognition process. For example, we tested controls over management'sestimation of the total transaction price for its collaboration agreementsincluding those related to the application of constraint to variableconsideration associated with future developmental, regulatory andcommercial milestones.
To audit the Company’s judgements related to the application ofconstraint to variable consideration, we performed audit procedures thatincluded, among others, evaluating the Company’s judgements related tothe probability of achieving the related future developmental, regulatoryand commercial milestones. To evaluate the Company’s estimatedprobability of achieving developmental, regulatory and commercialmilestones, we considered the nature of clinical development and thestage of development of the underlying programs in relation to relevantexternal data and compared the probabilities of achieving the milestonesto current industry trends and available information from other guidelinecompanies within the same industry and other relevant factors. We alsodiscussed the probability of achieving the milestones in relation to eachprogram’s phase of development with the Company’s research anddevelopment managers.

Revenue Recognition for Collaboration and Joint Development Agreement withVertex Pharmaceuticals Incorporated
Descriptionof the Matter As discussed in Note 9 to the consolidated financial statements, on 16April 2021 the Company entered into an amendment to its jointdevelopment agreement with Vertex Pharmaceuticals Inc., referred to asthe “A&R Vertex JDCA”, which resulted in a payment of $900 million andthe recognition of $900 million of revenue by the Company for the yearended 31 December 2021.

Accounting for the A&R Vertex JDCA required the Company to makecertain significant judgements, including the determination of thestandalone selling price of an identified performance obligation. Theestimated standalone selling price for an identified performanceobligation reflect management’s assumptions regarding probabilityweighted projected discounted cash flows for an underlying collaborationdevelopment program. The estimated standalone selling price wassensitive to changes in certain assumptions within the discounted cashflow model such as the discount rate, and certain assumptions that formthe basis of the forecasted cash flows (e.g., price per patient). Indeveloping these assumptions, management considered both internaland external information available including information from otherguideline companies within the same industry and other relevant factors.Changes to these assumptions can have a material effect on theestimated standalone selling price of the performance obligation,impacting the amount and timing of revenue recognized. As a result,



Page 4

auditing the estimate of the standalone selling price for an identifiedperformance obligation required especially complex auditor judgement.
How WeAddressedthe Matter inOur Audit

We obtained an understanding, evaluated the design and tested theoperating effectiveness of controls over the Company’s revenuerecognition process. For example, we tested controls over management'sprocess to determine the significant assumptions described above withrespect to the estimation of the standalone selling price of a performanceobligation.
To audit the Company’s revenue recognition related to the A&R VertexJDCA, we performed audit procedures that included, among others,evaluating management’s estimate of the standalone selling price of anidentified performance obligation. For example, we evaluated theprobability weighted projected discounted cash flow assumptions used bythe Company in developing the estimated standalone selling price bycomparing the significant assumptions described above to currentindustry trends using available information from other guidelinecompanies within the same industry and other relevant factors. We alsoperformed a sensitivity analysis of the significant assumptions to evaluatethe impact that the change in the estimated standalone selling price of anidentified performance obligation resulting from changes in the significantassumptions would have on the amount and timing of revenuerecognized during the period. We involved our valuation professionals toassist in the assessment of the estimation methodology and thesignificant valuation assumptions used in determining the estimatedstandalone selling price of an identified performance obligation.

Report on other legal and regulatory requirementsWe are a public accounting firm registered with the Swiss Federal Audit Oversight Authority(FAOA) and the PCAOB and we confirm that we meet the legal requirements on licensingaccording to the Auditor Oversight Act (AOA). We are independent with respect to the Groupin accordance with Swiss law (article 728 CO and article 11 AOA) and U.S. federal securitieslaws as well as the applicable rules and regulations of the Swiss audit profession, the U.S.Securities and Exchange Commission and the PCAOB, and we have fulfilled our other ethicalresponsibilities in accordance with these requirements.
In accordance with article 728a para. 1 item 3 CO and Swiss Auditing Standard 890, weconfirm that an internal control system exists, which has been designed for the preparation ofconsolidated financial statements according to the instructions of the Board of Directors.
We recommend that the consolidated financial statements submitted to you be approved.
We have served as the Group’s auditor since 2013.
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Ernst & Young Ltd

Licensed audit expert  Certified Auditor Accountant (Greece)(Auditor in charge)
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CRISPR Therapeutics AGConsolidated Balance Sheets(in thousands, except share and per share data)
December 31,2021 2020AssetsCurrent assets:Cash and cash equivalents $ 923,031 $ 1,168,620Marketable securities 1,456,098 521,713Accounts receivable 305 144Prepaid expenses and other current assets 38,079 26,143Total current assets 2,417,513 1,716,620Property and equipment, net 137,575 42,160Intangible assets, net 125 180Restricted cash 16,913 16,848Operating lease assets 174,460 50,865Other non-current assets 5,291 1,293Total assets $ 2,751,877 $ 1,827,966Liabilities and Shareholders’ EquityCurrent liabilities:Accounts payable $ 14,816 $ 9,094Accrued expenses 91,003 53,782Deferred revenue, current 1,011 2,341Accrued tax liabilities 724 10,473Operating lease liabilities 12,158 11,362Other current liabilities 171 7,207Total current liabilities 119,883 94,259Deferred revenue, non-current 12,323 11,776Operating lease liabilities, net of current portion 212,872 50,067Other non-current liabilities 7,339 7,630Total liabilities 352,417 163,732Commitments and contingencies (Note 8)Shareholders’ equity:Common shares, CHF 0.03 par value, 145,364,335 and 115,172,786 shares   authorized at December 31, 2021 and 2020, respectively, 77,170,382 and   74,110,160 shares issued at December 31, 2021 and 2020, respectively,   76,990,066 and 73,914,844 shares outstanding at December 31, 2021 and 2020,respectively. 2,391 2,277Treasury shares, at cost, 180,316 and 195,316 shares at December 31, 2021and 2020, respectively (63) (63)Additional paid-in capital 2,598,114 2,235,679Accumulated deficit (195,915) (573,576)Accumulated other comprehensive loss (5,067) (83)Total shareholders’ equity 2,399,460 1,664,234Total liabilities and shareholders’ equity $ 2,751,877 $ 1,827,966

See accompanying notes to these consolidated financial statements.
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CRISPR Therapeutics AGConsolidated Statements of Operations and Comprehensive Income (Loss)(In thousands, except share and per share data)
Years Ended December 31,2021 2020 2019Revenue:Collaboration revenue (1) $ 913,081 $ 543 $ 289,590Grant revenue 1,882 176 —Total revenue 914,963 719 289,590Operating expenses:Research and development (2) 438,633 266,946 179,362General and administrative 102,802 88,208 63,488Total operating expenses 541,435 355,154 242,850Income (loss) from operations 373,528 (354,435) 46,740Other income (expense):Loss from equity method investment — — (5,467)Other income, net 6,003 6,379 26,033Total other income, net 6,003 6,379 20,566Net income (loss) before income taxes 379,531 (348,056) 67,306Provision for income taxes (1,870) (809) (448)Net income (loss) 377,661 (348,865) 66,858Foreign currency translation adjustment (11) 40 15Unrealized loss on marketable securities (4,973) (130) —Comprehensive income (loss) $ 372,677 $ (348,955) $ 66,873

Net income (loss) per common share — basic $ 4.97 $ (5.29) $ 1.23
Basic weighted-average common shares outstanding 75,948,686 65,949,672 54,392,304Net income (loss) per common share — diluted $ 4.70 $ (5.29) $ 1.17
Diluted weighted-average common shares outstanding 80,393,496 65,949,672 56,932,798
(1)  Including the following amounts of revenue from a related party,see Note 9 $ — $ — $ 746(2)  Including the following amounts of research and development from arelated party, see Note 9 $ — $ — $ 14,459

See accompanying notes to these consolidated financial statements.



F-6

CRISPR Therapeutics AGConsolidated Statements of Shareholders’ Equity(In thousands, except share and per share data)
Common Shares Treasury Shares Additional AccumulatedOther

Shares CHF 0.03Par Value Shares Amount,at cost Paid-inCapital AccumulatedDeficit ComprehensiveIncome (Loss) Total Shareholders' Equity
 Balance at December 31, 2018 51,852,862 $ 1,584 307,936 $ (57) $ 682,245 $ (291,569) $ (8) $ 392,195

Issuance of common shares, net of issuance costs of $25.1 million 7,704,068 230 (47,297) — 414,559 — — 414,789Vesting of restricted shares 68,009 2 — — 41 — — 43Exercise of vested options, net of issuance costs of $0.3 million 1,158,860 31 (10,413) (6) 15,976 — — 16,001Stock-based compensation expense — — — — 49,524 — — 49,524Other comprehensive income — — — — — — 15 15Net income — — — — — 66,858 — 66,858 Balance at December 31, 2019 60,783,799 $ 1,847 250,226 $ (63) $ 1,162,345 $ (224,711) $ 7 $ 939,425
Issuance of common shares, net of issuance costs of $46.4 million 11,412,519 366 — — 973,015 — — 973,381Vesting of restricted shares 204,650 7 — — — — — 7Exercise of vested options, net of issuance costs of $1.2 million 1,482,636 57 (37,080) — 32,718 — — 32,775Purchase of common stock under ESPP 13,410 — — — 694 — — 694Stock-based compensation expense — — — — 66,018 — — 66,018Issuance of common stock for license agreements 17,830 — (17,830) — 889 — — 889Other comprehensive loss — — — — — — (90) (90)Net loss — — — — — (348,865) — (348,865) Balance at December 31, 2020 73,914,844 $ 2,277 195,316 $ (63) $ 2,235,679 $ (573,576) $ (83) $ 1,664,234
Issuance of common shares, net of issuance costs of $5.4 million 1,353,121 45 — — 222,130 — — 222,175Vesting of restricted shares 455,440 15 — — — — — 15Exercise of vested options, net of issuance costs of $2.6 million 1,245,071 54 (15,000) — 35,820 — — 35,874Purchase of common stock under ESPP 21,590 — — — 2,095 — — 2,095Stock-based compensation expense — — — — 102,390 — — 102,390Other comprehensive loss — — — — — — (4,984) (4,984)Net income — — — — — 377,661 — 377,661Balance at December 31, 2021 76,990,066 $ 2,391 180,316 $ (63) $ 2,598,114 $ (195,915) $ (5,067) $ 2,399,460

See accompanying notes to these consolidated financial statements.
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CRISPR Therapeutics AGConsolidated Statements of Cash Flows(In thousands)
Years Ended December 31,2021 2020 2019Operating activitiesNet income (loss) $ 377,661 $ (348,865) $ 66,858Reconciliation of net income (loss) to net cash used in operating activities:Depreciation and amortization 17,953 9,184 4,725Equity-based compensation 102,390 66,018 44,057Loss from equity method investment in Casebia — — 5,467Gain from consolidation of Casebia — — (16,000)Net amortization of premiums and discounts on marketable securities 14,109 1,857 —Changes in:Accounts receivable (161) (45) (11)Prepaid expenses and other assets (13,912) 17,338 (32,618)Accounts payable and accrued expenses 37,514 25,747 5,025Deferred revenue (783) 1,381 (45,146)Operating lease assets and liabilities 9,506 (473) (663)Other liabilities, net (5,305) (10,508) 24,983Net cash provided by (used in) operating activities 538,972 (238,366) 56,677Investing activitiesPurchase of property, plant and equipment (81,705) (18,358) (6,684)Net cash and restricted cash received in connection with the acquisitionof Casebia — — 8,009Purchases of marketable securities (1,509,327) (593,998) —Maturities of marketable securities 555,602 71,186 —Net cash (used in) provided by investing activities (1,035,430) (541,170) 1,325Financing activitiesProceeds from issuance of common shares, net of issuance costs 213,267 982,289 415,019Proceeds from exercise of options and ESPP contributions, net of issuance costs 37,678 33,863 15,964Net cash provided by financing activities 250,945 1,016,152 430,983Effect of exchange rate changes on cash (11) 40 15(Decrease) increase in cash (245,524) 236,656 489,000Cash, cash equivalents and restricted cash, beginning of period 1,185,468 948,812 459,812Cash, cash equivalents and restricted cash, end of period $ 939,944 $ 1,185,468 $ 948,812

Supplemental disclosure of non-cash investing and financing activitiesProperty and equipment purchases in accounts payable and accrued expenses $ 8,348 $ 3,412 $ 1,811
Equity issuance costs in accounts payable and accrued expenses $ 334 $ 9,590 $ 295
Reconciliation to amounts within the consolidated balance sheets As of December 31,

2021 2020 2019Cash and cash equivalents 923,031 1,168,620 943,771Restricted Cash 16,913 16,848 5,041Total $ 939,944 $ 1,185,468 $ 948,812
See accompanying notes to these consolidated financial statements.
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CRISPR Therapeutics AGNotes to Consolidated Financial Statements
1. Organization and Operations

CRISPR Therapeutics AG (“CRISPR” or the “Company”) was incorporated on October 31, 2013 in Basel, Switzerland. TheCompany was established to translate CRISPR/Cas9, a genome editing technology, into transformative gene-based medicines for thetreatment of serious human diseases. The foundational intellectual property underlying the Company’s operations was licensed to theCompany in April 2014. The Company devotes substantially all of its efforts to product research and development activities, initialmarket development and raising capital. The Company’s principal offices are in Zug, Switzerland and operations are in Cambridge,Massachusetts.
The Company is subject to risks common to companies in the biotechnology industry, including but not limited to, risks offailure of preclinical studies and clinical trials, the need to obtain marketing approval for any drug product candidate that it mayidentify and develop, the need to successfully commercialize and gain market acceptance of its product candidates, dependence on keypersonnel, protection of proprietary technology, compliance with government regulations, development by competitors oftechnological innovations and ability to transition from pilot-scale manufacturing to large-scale production of products.
The Company had an accumulated deficit of $195.9 million as of December 31, 2021 and has financed its operations to datefrom a series of preferred shares and convertible loan issuances, proceeds obtained from its initial public offering, subsequent publicofferings of its common shares, as well as upfront fees and milestones received under its collaboration and joint venture arrangements.The Company will require substantial additional capital to fund its research and development and ongoing operating expenses.
As of December 31, 2021, the Company had cash, cash equivalents and marketable securities of $2,379.1 million. While theCompany was in a net income position in the current and certain previous years due to upfronts associated with the Company'scollaborations with Vertex Pharmaceuticals Incorporated and certain of its subsidiaries, or Vertex, the Company has a history ofrecurring losses and expects to continue to incur losses for the foreseeable future. The Company expects its cash and cash equivalentswill be sufficient to fund current planned operations for at least the next twenty-four months.
The full extent of the impact of the coronavirus pandemic on the Company’s business, operations and financial results willdepend on numerous evolving factors that we may not be able to accurately predict. See Item 1A: "Risk Factors" section set forth inthis Annual Report on Form 10-K for additional details. At this stage, the impact on the Company’s results has not been significant.

2. Summary of Significant Accounting Policies and Basis of Presentation
Basis of Presentation and Use of Estimates

The accompanying consolidated financial statements have been prepared in conformity with accounting principles generallyaccepted in the United States of America, or GAAP, and include the accounts of the Company and its wholly-owned subsidiaries as ofDecember 31, 2021. All intercompany accounts and transactions have been eliminated. Any reference in these notes to applicableguidance is meant to refer to the authoritative United States generally accepted accounting principles as found in the AccountingStandards Codification, or ASC, and Accounting Standards Updates, or ASUs, of the Financial Accounting Standards Board.
Prior to December 13, 2019, the Company accounted for its 50% investment in Casebia Therapeutics, Limited LiabilityPartnership, or Casebia, under the equity method. As described in Note 9, on December 13, 2019, Casebia became a wholly-ownedsubsidiary and, as a result, the Company consolidated Casebia’s financial results from that date forward.
The preparation of financial statements in conformity with GAAP requires management to make estimates and assumptions thataffect the amounts reported in the financial statements and accompanying notes. On an ongoing basis, the Company’s managementevaluates its estimates, which include, but are not limited to, revenue recognition, equity-based compensation expense and reportedamounts of research and development expenses during the period. Significant estimates in these consolidated financial statementshave been made in connection with revenue recognition and equity-based compensation expense. The Company bases its estimates on
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historical experience and other market-specific or other relevant assumptions that it believes to be reasonable under the circumstances.Actual results may differ from those estimates or assumptions.
Segment Information

The Company and the Company’s chief operating decision maker, namely, the chief executive officer, view the Company’soperations and manage its business in one operating segment, which is the business of discovering, developing and commercializingtherapies derived from or incorporating genome-editing technology.
Foreign Currency Translation and Transactions

The majority of the Company’s operations occur in entities that have the U.S. dollar as their functional currency. Non-U.S.dollar denominated functional currency subsidiaries have assets and liabilities translated into U.S. dollars at rates of exchange in effectat the end of the year. Revenue and expense amounts are translated using the average exchange rates for the period. Net unrealizedgains and losses resulting from foreign currency translation are included in “Accumulated other comprehensive income (loss).” Netforeign currency exchange transaction gains or losses are included in “Other income (expense), net” on the Company’s consolidatedstatement of operations, the impact of which is not significant.
Cash and Cash Equivalents

The Company considers all highly liquid investments with maturities of three months or less from the purchase date to be cashequivalents. As of December 31, 2021 and 2020, the Company had $923.0 million and $1,168.6 million in cash and cash equivalents,respectively.
Restricted Cash

As of December 31, 2021, the Company had $16.9 million in restricted cash representing letters of credit securing theCompany’s obligations under certain leased facilities, as well as certain credit card arrangements, which was unchanged fromDecember 31, 2020. The letters of credit are secured by cash held in a restricted depository account and recorded in restricted cash inthe accompanying consolidated balance sheet as of December 31, 2021.
Marketable Securities

As of December 31, 2021 and 2020, the Company had $1,456.1 million and $521.7 million, respectively in marketablesecurities. The Company’s investment strategy is focused on capital preservation. The Company invests in instruments that meet thecredit quality standards outlined in the Company’s investment policy. The Company classifies marketable securities with a remainingmaturity, when purchased, of greater than three months as available-for-sale. Marketable securities are classified as current assets onthe consolidated balance sheets if the marketable securities are available to be converted into cash to fund current operations. As aresult, the Company classified all of these securities as current assets even though the stated maturity of some individual securitiesmay be one year or more beyond the balance sheet date.
Marketable securities classified as Level 2 within the valuation hierarchy generally consist of U.S. treasury securities andgovernment agency securities, corporate bonds, and commercial paper. Debt securities are carried at fair value with the unrealizedgains and losses included in other comprehensive income (loss) as a component of stockholders’ equity until realized. Any premiumarising at purchase is amortized to interest expense over the period of the earliest call date, and any discount arising at purchase isaccreted to interest income over the life of the instrument. Realized gains and losses on debt securities are determined using thespecific identification method and are included in other income (expense), net.
Effective January 1, 2020, the Company adopted ASU 2016-13, Financial Instruments – Credit Losses (Topic 326):Measurement of Credit Losses on Financial Statements, or ASC 326. As the Company did not hold available-for-sale debt securitiesupon adoption, no related transition provisions were applicable to the Company upon adoption.
The Company assesses its available-for-sale debt securities under the available-for-sale debt security impairment model in ASC326 as of each reporting date in order to determine if a portion of any decline in fair value below carrying value recognized on itsavailable-for-sale debt securities is the result of a credit loss. The Company records credit losses in the consolidated statements ofoperations and comprehensive loss as credit loss expense within other expense, net, which is limited to the difference between the fairvalue and the amortized cost of the security. To date, the Company has not recorded any credit losses on its available-for-sale debtsecurities.
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Other Receivables
 Amounts due from collaboration partners where an arrangement is accounted for under ASC 808, CollaborativeArrangements, or ASC 808, are considered other receivables and are included within prepaid and other current assets in theconsolidated balance sheet. Other receivables consisted of $8.4 million and $10.7 million as of December 31, 2021 and 2020,respectively and are due from Vertex. Other receivables are recorded at invoiced amounts due under the Vertex collaborationagreement, as described further in Note 9. Vertex is a creditworthy entity that maintains an ongoing relationship with the Companyand as such, the Company does not have an allowance for estimated credit losses recorded related to these other receivables.

Concentrations of Credit Risk and Off-balance Sheet Risk
Financial instruments that potentially subject the Company to concentrations of credit risk are primarily cash, cash equivalentsand marketable securities. The Company’s cash is held in accounts with financial institutions that management believes arecreditworthy. The Company has not experienced any credit losses in such accounts and does not believe it is exposed to anysignificant credit risk on these funds. The Company has no financial instruments with off-balance sheet risk of loss.

Fair Value of Financial Instruments
The Company has certain financial assets and liabilities recorded at fair value which have been classified as Level 1, 2 or 3within the fair value hierarchy as described in the accounting standards for fair value measurements:
Level 1 — Quoted prices in active markets that are accessible at the market date for identical unrestricted assets or liabilities.
Level 2 — Inputs other than Level 1 that are observable, either directly or indirectly, such as quoted prices for similar assets orliabilities; quoted prices in markets that are not active; or other inputs for which all significant inputs are observable or can becorroborated by observable market data for substantially the full term of the assets or liabilities.
Level 3 — Unobservable inputs that are supported by little or no market activity and that are significant to the fair value of theassets or liabilities.
To the extent that valuation is based on models or inputs that are less observable or unobservable in the market, thedetermination of fair value requires more judgment. Accordingly, the degree of judgment exercised by the Company in determiningfair value is greatest for instruments categorized in Level 3. A financial instrument’s level within the fair value hierarchy is based onthe lowest level of any input that is significant to the fair value measurement.
Items measured at fair value on a recurring basis include marketable securities (see Note 3, Marketable Securities, and Note 4,Fair Value Measurement). The carrying amount of accounts receivable, other receivables, accounts payable and accrued expenses asreported on the consolidated balance sheets as of December 31, 2021 and 2020, approximate fair value, due to the short-term durationof these instruments.

Property and Equipment
Property and equipment are recorded at cost, less accumulated depreciation. Maintenance and repairs that do not improve orextend the lives of the respective assets are expensed to operations as incurred. Upon disposal, the related cost and accumulateddepreciation is removed from the accounts and any resulting gain or loss is included in the results of operations. Depreciation isrecorded using the straight-line method over the estimated useful lives of the respective assets, which are as follows:

Asset Estimated useful lifeComputer equipment 3 yearsFurniture, fixtures and other 5 yearsLaboratory equipment 5 yearsLeasehold improvements Shorter of useful life or remaining lease term
Impairment of Long-lived Assets

The Company reviews long-lived assets when events or changes in circumstances indicate the carrying value of the assets maynot be recoverable. Recoverability is measured by comparison of the book values of the assets to future net undiscounted cash flowsthat the assets are expected to generate. If such assets are considered to be impaired, the impairment to be recognized is measured bythe amount by which the book value of the assets exceed their fair value, which is measured based on the projected discounted futurenet cash flows arising from the assets.
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Revenue Recognition
The Company records revenue in accordance with ASC Topic 606, Revenue from Contracts with Customers, or ASC 606. ASC606 applies to all contracts with customers, except for contracts that are within the scope of other standards, such as leases andcollaboration arrangements. To determine revenue recognition for arrangements that an entity determines are within the scope of ASC606, the entity performs the following five steps:
1) Identify the contract with the customer
A contract with a customer exists when (i) the Company enters into an enforceable contract with a customer that defines eachparty’s rights regarding the goods or services to be transferred and identifies the related payment terms, (ii) the contract hascommercial substance and (iii) the Company determines that collection of substantially all consideration for goods and services thatare transferred is probable based on the customer’s intent and ability to pay the promised consideration.
2) Identify the performance obligations in the contract
Performance obligations promised in a contract are identified based on the goods and services that will be transferred to thecustomer that are both capable of being distinct, whereby the customer can benefit from the good or service either on its own ortogether with other available resources, and are distinct in the context of the contract, whereby the transfer of the good or service isseparately identifiable from other promises in the contract. To the extent a contract includes multiple promised goods and services, theCompany must apply judgment to determine whether promised goods and services are capable of being distinct and distinct in thecontext of the contract. If these criteria are not met, the promised goods and services are accounted for as a combined performanceobligation.
3) Determine the transaction price
The transaction price is determined based on the consideration to which the Company will be entitled in exchange fortransferring goods and services to the customer. To the extent the transaction price includes variable consideration such as research,development, regulatory and commercial milestones, the Company determines if it is probable that it will receive such amounts andthere is no risk of a significant revenue reversal. When the Company cannot conclude that receipt of such amounts is probable, theCompany constrains the related variable consideration resulting in its exclusion from transaction consideration. In determining theportion of the transaction consideration to be constrained, the Company considers the probability and uncertainty that the relatedresearch, developmental, regulatory and commercial milestones will be achieved given the nature of research and clinical developmentand the stage of the underlying programs. This assessment is performed at each reporting period. In making this evaluation, theCompany considers both internal and external information available, including information from industry publications and otherrelevant factors. Changes to the constraint of variable consideration can have a material effect on the amount of revenue recognized inthe period.
4) Allocate the transaction consideration to performance obligations in the contract
If the contract contains a single performance obligation, the entire transaction consideration is allocated to the singleperformance obligation. Contracts that contain multiple performance obligations require an allocation of the transaction considerationto each performance obligation on a relative standalone selling price basis unless the transaction consideration is variable and meetsthe criteria to be allocated entirely to a performance obligation or to a distinct service that forms part of a single performanceobligation. The consideration to be received is allocated among the separate performance obligations based on relative standaloneselling prices. In determining these estimated standalone selling prices, the Company makes a number of significant judgementsincluding, for licenses, management’s assumptions regarding probability weighted projected discounted cash flows for each of thecollaboration development programs. The estimated standalone selling prices are sensitive to changes in assumptions, such asprobabilities of scientific success, discount rate and certain assumptions that form the basis of forecasted cash flows. In developingthese assumptions, management considers both internal and external information available, including information from other guidelinecompanies within the same industry and other relevant factors. Changes to these assumptions can have a material effect on theallocation of the transaction consideration to performance obligations, as well as the amount and timing of revenue recognized.
5) Recognize revenue when or as the Company satisfies a performance obligation
The Company satisfies performance obligations over time or at a point in time, depending on the nature of the performanceobligation. Revenue is recognized over time if the customer simultaneously receives and consumes the benefits provided by theentity’s performance, the entity’s performance creates or enhances an asset that the customer controls as the asset is created orenhanced, or the entity’s performance does not create an asset with an alternative use to the entity and the entity has an enforceableright to payment for performance completed to date. If the entity does not satisfy a performance obligation over time, the relatedperformance obligation is satisfied at a point in time by transferring the control of a promised good or service to a customer.
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Contract Balances
The Company recognizes a contract asset when the Company transfers goods or services to a customer before the customer paysconsideration or before payment is due, excluding any amounts presented as an account or other receivable. A contract asset is anentity’s right to consideration in exchange for goods or services that the entity has transferred to a customer. The contract liabilities, ordeferred revenue, primarily relate to contracts where we have received payment, but we have not yet satisfied the related performanceobligations. Contract assets are not significant as of December 31, 2021 and 2020. Contract liabilities recorded as deferred revenue asof December 31, 2021 and 2020 are $12.3 million and $12.2 million, respectively. The change in contract assets and contractliabilities recorded as deferred revenue is related to the collaboration agreement with Vertex described in Note 9.

Collaboration Arrangements
The Company records the elements of its collaboration agreements that represent joint operating activities in accordance withASC 808, Collaborative arrangements, or ASC 808. Accordingly, the elements of the collaboration agreements that representactivities in which both parties are active participants and to which both parties are exposed to the significant risks and rewards thatare dependent on the commercial success of the activities, are recorded as collaborative arrangements.
The Company evaluates the proper presentation of the commercial activities and the profit and loss sharing associated with thecollaboration agreements. ASC 808 states that when payments between parties in a collaborative arrangement are not within the scopeof other authoritative accounting literature, the income statement classification should be based on the nature of the arrangement, thenature of its business operations and the contractual terms of the arrangement. To the extent that these payments are not within thescope of other authoritative accounting literature, the income statement classification for the payments shall be based on an analogy toauthoritative accounting literature or if there is no appropriate analogy, a reasonable, rational and consistently applied accountingpolicy election.

Research and Development Expenses
Research and development costs are charged to expense as costs are incurred in performing research and development activities,including salaries and benefits, facilities costs, overhead costs, clinical study and related clinical manufacturing costs, license andmilestone fees, contract services and other related costs. Research and development costs, including up-front fees and milestones paidto collaborators, are also expensed as incurred. In circumstances where amounts have been paid in excess of costs incurred, theCompany records a prepaid expense. The Company accrues costs for clinical trial activities based upon estimates of the servicesreceived and related expenses incurred that have yet to be invoiced by the contract research organizations, clinical study sites,laboratories, consultants or other clinical trial vendors that perform the activities. The Company recognizes the reimbursementassociated with collaborative activities to its collaborative partners as a reduction to research and development expense in the periodthe services are provided.

Leases
The Company accounts for its leases in accordance with ASC 842, Leases, or ASC 842. At the inception of an arrangement, theCompany determines whether the arrangement is or contains a lease based on the unique facts and circumstances present in thearrangement. Leases with a term greater than one year are recognized on the balance sheet as right-of-use assets and short-term andlong-term lease liabilities, as applicable. The Company does not have financing leases.
Operating lease liabilities and their corresponding right-of-use assets are initially recorded based on the present value of leasepayments over the expected remaining lease term. Certain adjustments to the right-of-use asset may be required for items such asincentives received. The interest rate implicit in lease contracts is typically not readily determinable. As a result, the Company utilizesits incremental borrowing rate to discount lease payments, which reflects the fixed rate at which the Company could borrow on acollateralized basis the amount of the lease payments in the same currency, for a similar term, in a similar economic environment.Prospectively, the Company will adjust the right-of-use assets for straight-line rent expense or any incentives received and remeasurethe lease liability at the net present value using the same incremental borrowing rate that was in effect as of the lease commencementor transition date.
The Company has elected not to recognize leases with an original term of one year or less on the balance sheet. The Companytypically only includes an initial lease term in its assessment of a lease arrangement. Options to renew a lease are not included in theCompany’s assessment unless there is reasonable certainty of renewal.
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Assumptions made by the Company at the commencement date are re-evaluated upon occurrence of certain events, including alease modification. A lease modification results in a separate contract when the modification grants the lessee an additional right ofuse not included in the original lease and when lease payments increase commensurate with the standalone price for the additionalright of use. When a lease modification results in a separate contract, it is accounted for in the same manner as a new lease.
Equity Based Compensation Expense

The Company’s share-based compensation programs grant awards that have included stock options, restricted stock units andrestricted stock awards. Grants are awarded to employees and non-employees, including directors.
The Company accounts for its stock-based compensation awards in accordance with ASC Topic 718, Compensation—StockCompensation, or ASC 718. ASC 718 requires all stock-based payments to employees and non-employee directors, including grantsof employee stock options and restricted stock units and modifications to existing stock options, to be recognized in the consolidatedstatements of operations and comprehensive income (loss) based on their fair values. The Company uses the Black-Scholes optionpricing model to determine the fair value of options granted.
The Company accounts for forfeitures as they occur instead of estimating forfeitures at the time of grant and revising thoseestimates in subsequent periods if actual forfeitures differ from its estimates. Stock-based compensation expense recognized in thefinancial statements is based on awards for which performance or service conditions are expected to be satisfied.
The Company’s stock-based awards are subject to service or performance-based vesting conditions. Compensation expenserelated to awards to employees, directors and non-employees with service-based vesting conditions is recognized on a straight-linebasis based on the grant date fair value over the associated service period of the award, which is generally the vesting term.Compensation expense related to awards to employees with performance-based vesting conditions is recognized based on the grantdate fair value over the requisite service period using the accelerated attribution method to the extent achievement of the performancecondition is probable.
The Company expenses restricted stock unit awards to employees based on the fair value of the award on a straight-line basisover the associated service period of the award.
The Company estimates the fair value of its option awards to employees, directors and non-employees using the Black-Scholesoption pricing model, which requires the input of subjective assumptions, including (i) the expected stock price volatility, (ii) thecalculation of expected term of the award, (iii) the risk-free interest rate and (iv) expected dividends. Due to the lack of completecompany-specific historical and implied volatility data for the full expected term of the stock-based awards, the Company bases itsestimate of expected volatility on a representative group of publicly traded companies in addition to its own volatility data. For theseanalyses, the Company selected companies with comparable characteristics to its own, including enterprise value, risk profiles,position within the industry, and with historical share price information sufficient to meet the expected life of the stock-based awards.The Company computes historical volatility data using the daily closing prices for the selected companies’ shares during theequivalent period of the calculated expected term of the stock-based awards. The Company will continue to apply this process until asufficient amount of historical information regarding the volatility of its own stock price becomes available. The Company hasestimated the expected term of its employee stock options using the “simplified” method, whereby the expected term equals thearithmetic average of the vesting term and the original contractual term of the option, due to its lack of sufficient historical data. Therisk-free interest rates for periods within the expected term of the option are based on the U.S. Treasury securities with a maturity datecommensurate with the expected term of the associated award. The Company has never paid, and does not expect to pay, dividends inthe foreseeable future.

Patent Costs
Costs to secure and prosecute patent applications and other legal costs related to the protection of the Company’s intellectualproperty are expensed as incurred and are classified as general and administrative expenses in the Company’s consolidated statementsof operations.

Income Taxes
Income taxes are recorded in accordance with ASC Topic 740, Income Taxes, or ASC 740, which provides for deferred taxesusing an asset and liability approach. Under this method, deferred tax assets and liabilities are determined based on the differencebetween the financial reporting and tax reporting basis of assets and liabilities and are measured using enacted tax rates and laws thatare expected to be in effect when the differences are expected to reverse. Valuation allowances are provided if, based upon the weightof available evidence, it is more likely than not that some or all of the deferred tax assets will not be realized. The Company hasevaluated available evidence and concluded that the Company may not realize all the benefit of its deferred tax assets; therefore, a
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valuation allowance has been established for the amount of the deferred tax assets that the Company does not believe is more likelythan not to be realized.
The Company accounts for uncertain tax positions in accordance with the provisions of ASC 740. When uncertain tax positionsexist, the Company recognizes the tax benefit of tax positions to the extent that the benefit will more likely than not be realized. Thedetermination as to whether the tax benefit will more likely than not be realized is based upon the technical merits of the tax positionas well as consideration of the available facts and circumstances. As of December 31, 2021 and 2020, the Company does not have anysignificant uncertain tax positions. The Company’s practice is to recognize interest and/or penalties related to income tax matters inincome tax expense. See Note 14 for further details.

Comprehensive Income (Loss)
Comprehensive income (loss) consists of net income or loss and other comprehensive income (loss).  Other comprehensiveincome (loss) consists of foreign currency translation adjustments and unrealized losses on marketable securities.

Variable Interest Entities
The Company reviews each legal entity formed by parties related to the Company to determine whether or not the Company hasa variable interest in the entity and whether or not the entity would meet the definition of a variable interest entity, or VIE, inaccordance with ASC Topic 810, Consolidation, or ASC 810. If the entity is a VIE, the Company assesses whether or not theCompany is the primary beneficiary of that VIE based on a number of factors, including (i) which party has the power to direct theactivities that most significantly affect the VIE’s economic performance, (ii) the parties’ contractual rights and responsibilitiespursuant to any contractual agreements and (iii) which party has the obligation to absorb losses or the right to receive benefits from theVIE. If the Company determines it is the primary beneficiary of a VIE, the Company consolidates the financial statements of the VIEinto the Company’s consolidated financial statements at the time that determination is made. The Company evaluates whether itcontinues to be the primary beneficiary of any consolidated VIEs on a quarterly basis. If the Company were to determine that it is nolonger the primary beneficiary of a consolidated VIE, or no longer has a variable interest in the VIE, it would deconsolidate the VIE inthe period that the determination is made.
If the Company determines it is the primary beneficiary of a VIE that meets the definition of a business, the Company measuresthe assets, liabilities and noncontrolling interests of the newly consolidated entity at fair value in accordance with ASC Topic 805,Business Combinations, or ASC 805, at the date the reporting entity first becomes the primary beneficiary.
In February 2016, Casebia, was formed in the United Kingdom. In March 2016, upon consummation of the joint venture (“JV”),Bayer Healthcare LLC and certain of its affiliates (“Bayer”) and the Company each received a 50% equity interest in the entity inexchange for their contributions to the entity. The Company determined that Casebia was considered a VIE and concluded that it is notthe primary beneficiary of the VIE. As such, the Company has not historically consolidated Casebia’s results into the consolidatedfinancial statements.
As described in Note 9, on December 13, 2019, Casebia became a fully-owned subsidiary and, as a result, the Companyconsolidated Casebia’s financial results accordingly from that point forward.

Net Income (Loss) Per Share Attributable to Common Shareholders
Basic net income (loss) per share is calculated by dividing net income (loss) attributable to common shareholders by theweighted-average number of common shares outstanding during the period. Diluted net income (loss) per share is calculated bydividing the net income (loss) attributable to common shareholders by the weighted-average number of common equivalent sharesoutstanding for the period, including any dilutive effect from outstanding stock options and restricted stock units using the treasurystock method. See Note 12 for further details.

New Accounting Pronouncements
From time to time, new accounting pronouncements are issued by the FASB or other standard setting bodies that the Companyadopts as of the specified effective date. Unless otherwise discussed below, the Company does not believe that the adoption ofrecently issued standards have or may have a material impact on its consolidated financial statements and disclosures.

ASU No. 2019-12, Income Taxes (Topic 740): Simplifying the Accounting for Income Taxes
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In December 2019, the FASB issued ASU 2019-12, Income Taxes (Topic 740): Simplifying the Accounting for Income Taxes, orASU 2019-12, which is intended to simplify the accounting for income taxes. ASU 2019-12 removes certain exceptions to the generalprinciples in Topic 740 and also clarifies and amends existing guidance to improve consistent application. The Company adoptedASU 2019-12 on January 1, 2021. The adoption of ASU 2019-12 did not have a material impact on the Company’s financial positionor results of operations upon adoption.
3. Marketable Securities

A summary of the Company’s cash equivalents and marketable securities as of December 31, 2021 and 2020, which arerecorded at fair value (and excludes $405.6 million and $395.1 million of cash at December 31, 2021 and 2020, respectively) is shownbelow (in thousands):

December 31, 2021
AmortizedCost

GrossUnrealizedGains
GrossUnrealizedLosses   Fair Value

Cash equivalents:Money market funds $ 507,386 $ — $ — $ 507,386Corporate debt securities — — — —Certificates of deposit — — — —Commercial paper 9,997 — (1) 9,996Total cash equivalents 517,383 — (1) 517,382Marketable securities:U.S. Treasury securities 16,238 6 (52) 16,192Corporate debt securities 1,173,659 10 (4,903) 1,168,766Certificates of deposit 45,164 — — 45,164Government-sponsored enterprise securities 13,334 — (77) 13,257Commercial paper 212,805 — (86) 212,719Total marketable securities 1,461,200 16 (5,118) 1,456,098Total cash equivalents and marketable securities $ 1,978,583 $ 16 $ (5,119) $ 1,973,480

December 31, 2020
AmortizedCost

GrossUnrealizedGains
GrossUnrealizedLosses   Fair Value

Cash equivalents:Money market funds $ 742,958 $ — $ — $ 742,958Corporate debt securities 2,526 1 (24) 2,503Certificates of deposit 12,527 — — 12,527Commercial paper 15,549 — — 15,549Total cash equivalents 773,560 1 (24) 773,537Marketable securities:U.S. Treasury securities 47,976 3 — 47,979Corporate debt securities 324,569 43 (156) 324,456Certificates of deposit 25,162 — — 25,162Government-sponsored enterprise securities 33,738 5 (2) 33,741Commercial paper 90,375 — — 90,375Total marketable securities 521,820 51 (158) 521,713Total cash equivalents and marketable securities $ 1,295,380 $ 52 $ (182) $ 1,295,250
As of December 31, 2021 and 2020, the aggregate fair value of marketable securities that were in an unrealized loss position forless than twelve months was $1,311.6 million and $280.3 million, respectively. As of December 31, 2021, the aggregate fair value ofmarketable securities that were in an unrealized loss position for more than twelve months was $4.6 million. As of December 31,2020, no marketable securities were in an unrealized loss position for more than twelve months. The Company has recorded a netunrealized loss of $5.0 million and $0.1 million, respectively, during the years ended December 31, 2021 and 2020 related to itsmarketable securities, which is included in comprehensive income (loss) on the consolidated statements of operations andcomprehensive income (loss). No net unrealized loss was recorded related to its marketable securities for the year ended December 31,2019.
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The Company determined that there was no material credit risk of the above investments as of December 31, 2021. TheCompany has the intent and ability to hold such securities until recovery. As a result, the Company did not record any charges forcredit-related impairments for its marketable securities for the years ended December 31, 2021 and 2020.
4. Fair Value Measurement

The following tables present information about the Company’s financial assets measured at fair value on a recurring basis andindicate the fair value hierarchy classification of such fair values as of December 31, 2021 and 2020 (in thousands):
Fair Value Measurements atDecember 31, 2021Total Level 1 Level 2 Level 3Cash and cash equivalents:Cash $ 405,648 $ 405,648 $ — $ —Money market funds 507,386 507,386 — —Corporate debt securities — — — —Certificates of deposit — — — —Commercial paper 9,997 — 9,997 —Marketable securities:U.S. Treasury securities 16,192 — 16,192 —Corporate debt securities 1,168,766 — 1,168,766 —Certificates of deposit 45,164 — 45,164 —Government-sponsored enterprise securities 13,257 — 13,257 —Commercial paper 212,719 — 212,719 —Other non-current assets 2,212 — — 2,212Total  $ 2,381,341  $ 913,034  $ 1,466,095  $ 2,212
Fair Value Measurements atDecember 31, 2020Total Level 1 Level 2 Level 3Cash and cash equivalents:Cash $ 395,083 $ 395,083 $ — $ —Money market funds 742,958 742,958 — —Corporate debt securities 2,503 — 2,503 —Certificates of deposit 12,527 — 12,527 —Commercial paper 15,549 — 15,549 —Marketable securities:U.S. Treasury securities 47,979 — 47,979 —Corporate debt securities 324,456 — 324,456 —Certificates of deposit 25,162 — 25,162 —Government-sponsored enterprise securities 33,741 — 33,741 —Commercial paper 90,375 — 90,375 —Other non-current assets 600 — — 600Total $ 1,690,933 $ 1,138,041 $ 552,292 $ 600

Marketable securities classified as Level 2 within the valuation hierarchy generally consist of U.S. treasury securities andgovernment agency securities, corporate bonds, and commercial paper. The Company estimates the fair values of these marketablesecurities by taking into consideration valuations obtained from third-party pricing sources.
The Company holds equity securities classified as Level 3 which are not material to the Company’s financial position.
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5. Property and Equipment, net
Property and equipment, net, consists of the following (in thousands):

As of December 31,2021 2020Computer equipment $ 1,757 $ 727Furniture, fixtures, and other 4,371 3,416Laboratory equipment 30,123 25,353Leasehold improvements 86,735 25,473Construction work in process 52,396 8,366Total property and equipment, gross 175,382 63,335Accumulated Depreciation (37,807) (21,175)Total property and equipment, net $ 137,575 $ 42,160
Depreciation expense for the year ended December 31, 2021, 2020 and 2019 was $17.9 million, $9.1 million, and $4.7 million,respectively.

6. Accrued Expenses
Accrued expenses consist of the following (in thousands):

As of December 31,2021 2020Payroll and employee-related costs $ 23,661 $ 22,402Research costs 47,986 21,684Licensing fees 138 1,401Professional fees 4,720 1,670Intellectual property costs 6,120 3,625Accrued property and equipment 7,113 2,835Other 1,265 165Total $ 91,003 $ 53,782

7. Leases
In June 2015, the Company entered into a lease agreement for the lease of research facility space in Cambridge, Massachusetts,with a commencement date of November 15, 2015, or the 2015 Lease. The lease was subsequently amended in both 2017 and 2020and now expires in 2022 with no further option to extend. The 2015 Lease contains escalating rent clauses, which require higher rentpayments in future years.
In May 2016, the Company entered into a sublease agreement for its primary office and research facility in Cambridge,Massachusetts, with a commencement date of December 23, 2016, or the 2016 Sublease. The sublease was subsequently amended in2021 and now expires in 2022. The right-of-use assets and right-of-use liabilities were adjusted in the second quarter of 2021,accordingly. The 2016 Sublease contains escalating rent clauses, which require higher rent payments in future years.
In May 2019, the Company entered into a lease agreement for office facility space in Cambridge, Massachusetts, with acommencement date of June 1, 2019, or the 2019 Lease. The lease expires in November 2026, and the Company has an option toextend the term of the lease for an additional five-year period based on certain conditions within the Company’s control. The 2019Lease contains escalating rent clauses which require higher rent payments in future years. The right-of-use asset and correspondinglease liability does not include the additional five-year period under the renewal option as the Company is not reasonably certain toexercise that option.
In December 2019, Casebia became a wholly-owned subsidiary of the Company. In connection therewith, Casebia assigned itssublease for an office and research facility in Cambridge, Massachusetts, or the 2019 Sublease, to the Company. The sublease wassubsequently amended in 2021 and now expires in 2022 with no further option to extend. The right-of-use assets and right-of-useliabilities were adjusted in the second quarter of 2021, accordingly. The 2019 Sublease contains escalating rent clauses which requirehigher rent payments in future years.
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In May 2020, the Company entered into a lease agreement for a cell therapy manufacturing facility in Framingham,Massachusetts, or the Framingham Lease, for clinical and commercial production of the Company’s investigational cell therapyproduct candidates. The Framingham Lease expires in March 2036 and the Company has an option to extend the term of the lease fortwo additional seven-year periods. The right-of-use asset and corresponding lease liability does not include the additional seven-yearperiods under the renewal option as the Company is not reasonably certain to exercise that option.
In July 2020, the Company entered into a lease agreement for an office and laboratory facility in Boston, Massachusetts, or the2020 Lease. The 2020 Lease commenced in the second quarter of 2021, and at lease commencement, the Company recorded a right-of-use asset of $149.8 million and a corresponding operating lease liability of $147.9 million. Tenant incentives of $49.2 million wererecorded as a reduction to the operating lease asset and liability at lease commencement. The right-of-use asset and correspondinglease liability does not include the additional five-year periods under the renewal option as the Company is not reasonably certain toexercise that option. The lease expires in March 2034 and the Company has an option to extend the term of the lease for twoadditional five-year periods.
In addition, the Company rents certain office space in Zug, Switzerland, on a short-term basis for which a right-of-use asset andliability are not recorded, in accordance with the practical expedient elected.
The Company has embedded leases in certain research and license agreements for which the Company has recorded a right ofuse asset and liability. These arrangements are not significant in comparison to the Company’s total operating lease assets andliabilities. In addition, the Company has identified certain short-term leases embedded within its manufacturing contracts which arenot recorded on the Company’s balance sheet in accordance with the practical expedient elected.
The Company identified and assessed the following estimates in recognizing the right-of-use asset and corresponding liability:
 Expected lease term: The expected lease term for those leases commencing prior to January 1, 2019 did not change withthe adoption of ASC 842. The expected lease term for leases commencing after the adoption of ASC 842 includesnoncancelable lease periods and, when applicable, periods covered by an option to extend the lease if the Company isreasonably certain to exercise that option, as well as periods covered by an option to terminate the lease if the Company isreasonably certain not to exercise that option.
 Incremental borrowing rate: As the discount rates in the Company’s leases are not implicit, the Company estimated theincremental borrowing rate based on the rate of interest the Company would have to pay to borrow a similar amount on acollateralized basis over a similar term.
The following table summarizes the lease assets and liabilities as of December 31, 2021 and 2020 (in thousands):

As of December 31,
2021 2020AssetsOperating lease assets $ 174,460 $ 50,865Total lease assets 174,460 50,865LiabilitiesCurrentOperating lease liabilities 12,158 11,362Non-currentOperating lease liabilities, net of current portion 212,872 50,067Total lease liabilities $ 225,030 $ 61,429

The following table summarizes operating lease costs included in research and development and general and administrativeexpense, as well as sublease income for the twelve months ended December 31, 2021, 2020 and 2019 (in thousands):
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Years Ended December 31,
2021 2020 2019Operating lease costs $ 22,520 $ 14,342 $ 8,067Short-term lease costs 11,087 7,339 4,554Variable lease costs 8,402 6,368 4,282Sublease income (5,253) (587) (525)Net lease cost $ 36,756 $ 27,462 $ 16,378

The following table summarizes the maturity of undiscounted payments due under lease liabilities and the present value of thoseliabilities as of December 31, 2021 (in thousands):
Total2022 18,2562023 26,6332024 26,1372025 26,3472026 26,844Thereafter 227,528Total $ 351,745Present value adjustment (126,715)Present value of lease liabilities $ 225,030

The following table summarizes the lease term (in years) and discount rate for operating leases as of December 31, 2021 and2020:
As of December 31,

2021 2020Weighted-average remaining lease term 12.4 9.1Weighted-average discount rate 5.9% 9.3%
The following table summarizes the cash paid for amounts included in the measurement of lease liabilities for the year endedDecember 31, 2021 and 2020 (in thousands):

Years Ended December 31,
2021 2020 2019Cash paid for amounts included in measurement of leaseliabilities:Operating cash flows used in operating leases $ (19,753) $ (13,161) $ (8,420)Operating lease non-cash items:Right-of-use assets (decreased) increased through leasemodifications and reassessments (14,230) 3,169 826

Right-of-use assets obtained in exchange for operatinglease liabilities 152,486 13,956 18,088
Leasehold improvements paid directly by landlord 30,500 — —

8. Commitments and Contingencies
Intellectual Property Agreements
Charpentier License Agreements

In April 2014, the Company entered into certain technology license agreements with Dr. Emmanuelle Charpentier pursuant towhich the Company licensed certain intellectual property rights under joint ownership from Dr. Charpentier to develop andcommercialize products for the treatment or prevention of human diseases. In connection therewith, Dr. Charpentier is entitled toreceive nominal clinical milestone payments, low single digit percentage of sublicensing payments received under any sublicense
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agreement with a third party, and low single-digit percentage royalties based on annual net sales of licensed products and services bythe Company and its affiliates and sublicensees.
Patent Assignment Agreement

In November 2014, the Company entered into a patent assignment agreement with Dr. Charpentier, Dr. Ines Fonfara, andVienna (collectively, the “Assignors”), pursuant to which the Company was assigned all rights, title and interest in and to certainpatent rights claimed in the U.S. Patent Application No.61/905,835. As a result, the Assignors are entitled to receive certain low singledigit clinical milestone payments and low single digit royalties based on annual net sales of licensed products and licensed services bythe Company, its affiliates and sublicensees.
During the years ended December 31, 2021, 2020 and 2019, the Company paid an immaterial amount of fees to Dr. Charpentierunder the Charpentier License Agreements and the Assignors under the Patent Assignment Agreement, which were recorded asresearch and development expense.

Research, Manufacturing and License Agreements
The Company has engaged several research institutions and companies to identify new delivery strategies and applications ofthe Company’s gene-editing technology. The Company is also a party to a number of license agreements which require significantupfront payments and may be required to make future royalty payments and potential milestone payments from time to time. Inaddition, the Company is also a party to intellectual property agreements, which require maintenance and milestone payments fromtime to time. Further, the Company is a party to a number of manufacturing agreements that require upfront payments for the futureperformance of services.In association with these agreements, on a product-by-product basis, the counterparties are eligible to receive up to low eight-digit potential payments upon specified research, development and regulatory milestones. In addition, on a product-by-product basis,the counterparties are eligible to receive potential commercial milestone payments based on specified annual sales thresholds. Thepotential payments are low-single digit percentages of the specified annual sales thresholds. The counterparties are also eligible toreceive low single-digit royalties on future net sales.Under certain circumstances and if certain contingent future events occur, Vertex is eligible to receive up to $395.0 million inpotential specified research, development, regulatory and commercial milestones and tiered single-digit percentage royalties on futurenet sales related to a specified target under an amendment to the 2015 Collaboration Agreement defined in Note 9 below. In addition,Vertex has the option to conduct research at their own cost in certain defined areas that, if beneficial to the CTX001 program andultimately achieves regulatory approval, then the Company could owe Vertex certain milestone payments aggregating to high eightdigits, subject to certain limitations on the profitability of the CTX001 program. Refer to Note 9 for further discussion on theCompany’s arrangements with Vertex.
Other Matters
  On December 15, 2016, the Company entered into a Consent to Assignments, Licensing and Common Ownership andInvention Management Agreement (the “Invention Management Agreement”) with UC, Vienna, Dr. Charpentier, IntelliaTherapeutics, Inc., Caribou Biosciences, Inc., ERS Genomics Ltd. and one of the Company’s subsidiaries. Under the InventionManagement Agreement, the Company is obligated to share costs related to patent maintenance, defense and prosecution. For theyears ended December 31, 2021, 2020 and 2019, the Company incurred $5.8 million, $4.5 million and $2.9 million, respectively, inshared costs. The Company recorded accrued legal costs from the cost sharing of $4.0 million and $2.5 million as of December 31,2021 and 2020, respectively. The Company is unable to predict the outcome of these matters and is unable to make a meaningfulestimate of the amount or range of loss, if any, that could result from an unfavorable outcome.
Litigation
In the ordinary course of business, the Company is from time to time involved in lawsuits, investigations, proceedings andthreats of litigation related to, among other things, the Company’s intellectual property estate (including certain in-licensed intellectualproperty), commercial arrangements and other matters.  Such proceedings may include quasi-litigation, inter partes administrativeproceedings in the U.S. Patent and Trademark Office and the European Patent Office involving the Company’s intellectual propertyestate including certain in-licensed intellectual property. The outcome of any of the foregoing, regardless of the merits, is inherentlyuncertain. In addition, litigation and related matters are costly and may divert the attention of Company’s management and otherresources that would otherwise be engaged in other activities.  If the Company is unable to prevail in any such proceedings, theCompany’s business, results of operations, liquidity and financial condition could be adversely affected.
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9. Significant Contracts
Agreements with Vertex Pharmaceuticals Incorporated and certain of its subsidiaries
Summary

On October 26, 2015, the Company entered into a strategic collaboration, option and license agreement, or the 2015Collaboration Agreement, with Vertex. The 2015 Collaboration Agreement is focused on the use of the Company’s CRISPR/Cas9gene-editing technology to discover and develop potential new treatments aimed at the underlying genetic causes of human disease.
On December 12, 2017, the Company and Vertex entered into Amendment No. 1 to the 2015 Collaboration Agreement, orAmendment No. 1, and the Joint Development Agreement, or the JDA. Amendment No. 1, among other things, modified certaindefinitions and provisions of the 2015 Collaboration Agreement to make them consistent with the JDA and clarified how manyoptions are exercised (or deemed exercised) in connection with certain targets specified under the 2015 Collaboration Agreement.Amendment No. 1 also amended other provisions of the 2015 Collaboration Agreement, including the expiration terms.
In connection with the 2015 Collaboration Agreement, Vertex made a nonrefundable upfront payment of $75.0 million. Underthe 2015 Collaboration Agreement, Vertex agreed to fund the discovery activities conducted pursuant to the agreement while retainingoptions to co-exclusive and exclusive licenses. In December 2017, upon execution of the JDA and Amendment No. 1, Vertexexercised its option to obtain a co-exclusive license to develop and commercialize hemoglobinopathy and beta-globin targets. As such,for potential hemoglobinopathy treatments, including treatments for sickle cell disease, the Company and Vertex agreed to shareequally all research and development costs and worldwide revenues. In connection with the JDA, the Company received a $7.0million up-front payment from Vertex and subsequently received a one-time low seven-digit milestone payment upon the dosing ofthe second patient in a clinical trial with the initial product candidate. In addition, upon execution of the JDA and Amendment No. 1,it was clarified that Vertex may elect to license up to four remaining targets, for which it will lead global development andcommercialization activities, and the Company received the right to receive up to $420.0 million in development, regulatory andcommercial milestones and royalties on net product sales for each of the targets (inclusive of $10 million due upon exercise of eachexclusive option).
In June 2019, the Company and Vertex entered into a series of agreements, which closed on July 23, 2019, including a strategiccollaboration and license agreement, or the 2019 Collaboration Agreement, for the development and commercialization of productsfor the treatment of Duchenne muscular dystrophy, or DMD, and Myotonic Dystrophy Type 1, or DM1. Under the terms of the 2019Collaboration Agreement, the Company received an upfront, nonrefundable payment of $175.0 million. In addition, the Company wasinitially eligible to receive potential aggregate payments of up to $825.0 million based upon the successful achievement of specifiedresearch, development, regulatory and commercial milestones for the DMD and DM1 programs.
The Company is also eligible to receive tiered royalties on future net sales on any products that may result from thiscollaboration. For the DMD program, Vertex is responsible for all research, development, manufacturing and commercializationactivities and all related costs. For the DM1 program, the Company performed specified guide RNA research and Vertex isresponsible for all other research, development, manufacturing and commercialization costs. Upon Investigational New Drug, or IND,application filing, the Company has the option to forego the DM1 milestones and royalties, and instead, co-develop and co-commercialize all DM1 products globally in exchange for payment of 50% of research and development costs incurred by Vertexfrom the effective date of the agreement through IND filing.
In connection with the execution of the 2019 Collaboration Agreement, the Company and Vertex entered into a secondamendment to the 2015 Collaboration Agreement, or Amendment No. 2. Among other things, Amendment No. 2 modified certaindefinitions and provisions of the 2015 Collaboration Agreement to make them consistent with the 2019 Collaboration Agreement andset forth the number and identity of the collaboration targets under the 2015 Collaboration Agreement. The Company and Vertexagreed that one of the four remaining options under the 2015 Collaboration Agreement, as amended, would not be exercised; instead,the Company reacquired the exclusive rights and agreed to conduct research and development activities for the specified target. Vertexwill have the option to co-develop and co-commercialize the specified target upon IND filing in exchange for payment of 50% ofresearch and development costs incurred by the Company from the effective date of the agreement through IND filing. If Vertex doesnot exercise its option to co-develop and co-commercialize the specified target, Vertex is eligible to receive up to $395.0 million inpotential specified research, development, regulatory and commercial milestones and tiered single-digit royalties on future net sales.
In October 2019, Vertex exercised the remaining three options granted to it under the 2015 Collaboration Agreement toexclusively license the collaboration targets developed under the 2015 Collaboration Agreement, resulting in a payment of $30.0million to the Company in the fourth quarter of 2019. In addition, the Company achieved the first milestone under the 2019Collaboration Agreement in the first quarter of 2020 and, in connection therewith, received a payment of $25.0 million in April 2020.The Company achieved the second milestone under the 2019 Collaboration Agreement in the fourth quarter of 2021 and, in
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connection therewith, received a payment of $12.5 million in December 2021. As of December 31, 2021, the Company is eligible toreceive remaining potential future milestones of $775.0 under the 2019 Collaboration Agreement.
In April 2021, the Company and Vertex agreed to amend and restate the JDA and entered into an Amended and Restated JointDevelopment and Commercialization Agreement, or the “A&R Vertex JDCA,” pursuant to which the parties agreed to, among otherthings, (a) adjust the governance structure for the collaboration and adjust the responsibilities of each party thereunder, wherebyVertex shall lead and have all decision making (i.e., control) in relation to the CTX001 program prospectively; (b) adjust theallocation of net profits and net losses between the parties with respect to CTX001 only, which will be allocated 40% to the Companyand 60% to Vertex, prospectively; and (c) exclusively license (subject to the Company’s reserved rights to conduct certain activities)certain intellectual property rights to Vertex relating to the specified product candidates and products (including CTX001) that may beresearched, developed, manufactured and commercialized on a worldwide basis under such agreement. The transaction contemplatedby the A&R Vertex JDCA closed in the second quarter of 2021. The Company will provide certain specified transition services toVertex in connection with the agreement.
In connection with the closing of the transaction contemplated by the A&R Vertex JDCA, the Company received a $900.0million up-front payment from Vertex. Additionally, the Company is eligible to receive a one-time $200.0 million milestone paymentupon receipt by Vertex of the first marketing approval of the initial product candidate from the U.S. Food and Drug Administration orthe European Commission. With respect to CTX001 only, the net profits and net losses, as applicable, incurred under the A&R VertexJDCA through July 1, 2021 in connection with the initial shared product (i.e., CTX001) were shared equally between the Companyand Vertex, and beginning July 1, 2021, the net profits and net losses, as applicable, incurred under the A&R Vertex JDCA areallocated 40% to the Company and 60% to Vertex. Additionally, the A&R Vertex JDCA allows the Company to defer a portion of itsshare of costs under the arrangement if spending on the CTX001 program exceeds specified amounts. Any deferred amounts are onlypayable to Vertex as an offset against future profitability of the CTX001 program and the amounts payable are capped at a specifiedmaximum amount per year.

Accounting for the Vertex Agreements
The 2015 Collaboration Agreement, Amendment No. 1, and JDA are collectively the “2015 Agreements” and the 2019Collaboration Agreement and Amendment No. 2.  are collectively the “2019 Agreements.” The 2015 Collaboration Agreement,Amendment No. 1, Amendment No. 2, JDA, A&R Vertex JDCA and 2019 Collaboration Agreement are collectively the “VertexAgreements.”
The Vertex Agreements include components of a customer-vendor relationship as defined under ASC 606, collaborativearrangements as defined under ASC 808 and research and development costs as defined under ASC 730, Research and Development,or ASC 730. Additionally, the A&R Vertex JDCA allows the Company to defer a portion of its share of costs under the arrangement ifspending on the CTX001 program exceeds specified amounts, which are only payable to Vertex as an offset against future profitabilityof the CTX001 program up to a maximum amount per year.

Accounting Analysis Under ASC 606
Accounting for the A&R Vertex JDCA
Identification of the Contract

The A&R Vertex JDCA represented a contractual modification to the JDA. For accounting purposes, the A&R Vertex JDCAwas treated as a separate contract.
Identification of Performance Obligations

The Company concluded the A&R Vertex JDCA contained a single material promise, an exclusive worldwide license grantingVertex an additional 10% economic interest in the CTX001 program and the right to control development and commercialization ofCTX001, or the “CTX001 Exclusive License.” The Company concluded the CTX001 Exclusive License was both capable of beingdistinct and distinct within the context of the A&R Vertex JDCA, and the CTX001 Exclusive License was sold at its estimatedstandalone selling price, or “ESSP.” As such, the CTX001 Exclusive License represented a separate performance obligation.
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Determination of Transaction Price
The transaction price was comprised of the upfront payment of $900.0 million. The Company determined that all other possiblevariable consideration resulting from milestones and royalties discussed above was fully constrained at the time of the transaction. TheCompany will reevaluate the transaction price in each reporting period.

Allocation of Transaction Price to Performance Obligations
The selling price of the performance obligation was determined based on the Company’s ESSP. The Company developed theESSP for the CTX001 Exclusive License with the objective of determining the price at which it would sell such an item if it were tobe sold regularly on a standalone basis.

The ESSP for the CTX001 Exclusive License was determined to be approximately $900.0 million. The ESSP was determined basedon 10% of the probability and present value adjusted cash flows from projected worldwide net profit for CTX001 based on probabilityassessments, projections based on internal forecasts, industry data, and information from other guideline companies within the sameindustry and other relevant factors. As the Company determined the CTX001 Exclusive License was the only performance obligation,the entire transaction price was allocated to the CTX001 Exclusive License. The aforementioned ESSP reflects the level of risk andexpected probability of success inherent in the nature of the associated research area.
Recognition of Revenue

The Company determined that the CTX001 Exclusive License represented functional intellectual property, as the intellectualproperty provides Vertex with the ability to perform a function or task in the form of research and development, manufacturing andcommercialization. As such, the revenue related to the CTX001 Exclusive License was recognized at the point in time, which wasupon transfer in the second quarter of 2021.
Accounting for the 2019 Agreements
Identification of the Contract

The 2019 Agreements represented a contract modification to the 2015 Agreements. As a result, the 2019 Agreements and the2015 Agreements are combined for accounting purposes and treated as a single arrangement.
Identification of Performance Obligations

The Company concluded the following material promises were both capable of being distinct and distinct within the context ofthe 2019 Agreements and represented separate performance obligations: (i) an exclusive license for worldwide rights for DMD geneediting products, or DMD License; (ii) an exclusive license for worldwide rights for DM1 gene editing products, or DM1 License; (iii)the performance of specified guide RNA research for DM1, or DM1 R&D Services; (iv) a material right representing the option toobtain a co-exclusive development and commercialization license for a specified target, or Specified Target Option; (v) three materialrights representing the option for up to three exclusive licenses to develop and commercialize the collaboration targets, orCollaboration Target Options; and (vi) the waiving of Vertex’s material right associated with its option to a fourth exclusive license inconnection with the Company’s reacquisition of exclusive rights to the specified target.
Determination of Transaction Price

The initial overall transaction price was determined based on the remaining transaction price from the 2015 Agreements, as wellas the transaction price from the 2019 Agreements. The initial transaction price included variable consideration estimated using themost likely amount methodology. The Company determined the initial transaction price totaling $268.6 million was comprised of: (i)$57.8 million of pre-existing deferred revenue from the 2015 Agreements; (ii) non-cash consideration of $10.0 million related to thewaiving of Vertex’s material right associated with its option to a fourth exclusive license in connection with the Company’sreacquisition of exclusive rights to the specified target; (iii) an upfront payment of $175.0 million; (iv) variable consideration of $25.0million which represented the Company’s estimate related to a near-term research and development milestone for which the Companydetermined that it is not probable that a significant reversal of cumulative consideration will occur at the onset of the transaction; and(v) variable consideration of $0.8 million which represents the Company’s estimate of payments from Vertex for DM1 R&D Services.
In December 2021, the Company achieved a milestone under the 2019 Collaboration Agreement. In connection therewith, theCompany adjusted the transaction price to include $12.5 million in previously constrained variable consideration. The milestone wasallocated to the performance obligations using the relative standalone selling price method, and revenue of $12.0 million was
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recognized for amounts allocated to fully satisfied performance obligations. Amounts allocated to unsatisfied performance obligationsof $0.5 million were included in deferred revenue.
The Company determined that all other possible variable consideration resulting from milestones and royalties discussed abovewas fully constrained as of December 31, 2021. The Company will re-evaluate the transaction price in each reporting period.

Allocation of Transaction Price to Performance Obligations
The selling price of each performance obligation was determined based on the Company’s ESSP. The Company developed theESSP for all the performance obligations included in the Vertex Agreements with the objective of determining the price at which itwould sell such an item if it were to be sold regularly on a standalone basis. The Company then allocated the transaction price to eachperformance obligation on a relative standalone selling price basis.
The ESSP for the DMD License and DM1 License was determined to be $224.6 million and $76.2 million, respectively. TheESSP was determined based on probability and present value adjusted cash flows from projected worldwide net profit for each of therespective programs based on probability assessments, projections based on internal forecasts, industry data, and information fromother guideline companies within the same industry and other relevant factors. On a relative basis, $151.1 million and $51.3 million ofthe initial transaction price was allocated to the DMD License and DM1 License, respectively.
The ESSP for the Specified Target Option material right was determined to be $17.5 million, which was based on theincremental discount between (i) the value of the probability and present value adjusted cash flows from the equal sharing of projectedworldwide net profit increased by the value of the option provided to Vertex less (ii) the expected exercise price at the time of optionexercise. The present value adjusted cash flows also considered projections based on internal forecasts, industry data, and informationfrom other guideline companies within the same industry and other relevant factors. On a relative basis $11.8 million of the initialtransaction price was allocated to the Specified Target Option material right.
The ESSP for each of the three Collaboration Target Option material rights was determined to be $25.0 million, $22.2 millionand $22.2 million, respectively, which was determined based on the probability and present value adjusted cash flows from milestonepayments owed for exclusive licenses, less the price paid to exercise each option. On a relative basis, $46.7 million of the initialtransaction price was allocated to the Collaboration Target Option material rights.
The aforementioned ESSPs reflect the level of risk and expected probability of success inherent in the nature of the associatedresearch area.
The ESSP for the waiving of Vertex’s material right associated with its option to a fourth exclusive license under the 2015Agreements was determined to be $10.0 million, or the contractual value of the option. On a relative basis, $6.7 million of the initialtransaction price was allocated to the waiving of Vertex’s material right associated with its option to a fourth exclusive license underthe 2015 Agreements.
The ESSP for the DM1 R&D Services was determined to be $1.7 million, which was based on estimates of the associated effortand cost of the services, adjusted for a reasonable profit margin that would be expected to be realized under similar contracts. On arelative basis, $1.1 million of the initial transaction price was allocated to the DM1 R&D Services.
As discussed above, in December 2021, the Company adjusted the transaction price of the 2019 Collaboration Agreement toinclude $12.5 million of previously constrained variable consideration associated with a research milestone. The milestone wasallocated to the performance obligations using the relative standalone selling price method based on the ESSP's described herein. As aresult, revenue of $12.0 million was recognized for amounts allocated to fully satisfied performance obligations. Amounts allocated tounsatisfied performance obligations of $0.5 million were included in deferred revenue.

Recognition of Revenue
The Company determined that the DMD License and DM1 License represent functional intellectual property, as the intellectualproperty provides Vertex with the ability to perform a function or task in the form of research and development. As such, the revenuerelated to the licenses was recognized at the point in time in which they were delivered during the third quarter of 2019.
The revenue allocated to the waiving of Vertex’s material right associated with its option to a fourth exclusive license inconnection with Company’s reacquisition of exclusive rights to the specified target was recognized at the point in time in which theoption was waived, on the effective date of the 2019 Agreements.
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The Company concluded that the Specified Target Option and Collaboration Target Options were considered material rightsunder the Vertex Agreements. Revenue related to the three Collaboration Target Options material right was recognized at the point intime in which Vertex exercised the Collaboration Target Options, which occurred in the fourth quarter of 2019.
The Company recognized revenue related to the DM1 R&D Services over time as the services were rendered, which concludedin the fourth quarter of 2021.

Revenue recognized in connection with the Vertex Agreements
Revenue recognized under the Vertex Agreements for the year ended December 31, 2021 was $913.1 million and wascomprised of (i) revenue related to the exclusive worldwide license for CTX001 of $900.0 million, (ii) revenue related to the secondDM1 milestone  under the 2019 Agreements of $12.0 million, and (iii) revenue recognized in connection with research anddevelopment services. Revenue recognized under the Vertex Agreements for the year ended December 31, 2020 was not material.
Revenue recognized under the Vertex Agreements for the year ended December 31, 2019 was $289.1 million. The $289.1million of revenue recognized for the year-ended December 31, 2019 was comprised of (i) revenue related to the DMD License andDM1 License of $202.4 million, which was recognized at the point in time in which the licenses were delivered, (ii) revenue related tothe Collaboration Target Options material right of $76.7 million, which was recognized upon the exercise of the Collaboration TargetOptions by Vertex and is inclusive of the $30.0 million payment made by Vertex to exercise those options, (iii) revenue allocated tothe waiving of Vertex’s material right associated with its option to a fourth exclusive license in connection with the Company’sreacquisition of exclusive rights to the specified target of $6.7 million, which was recognized at the point in time in which the optionwas waived, (iv) revenue recognized in connection with DM1 R&D Services of $0.1 million and (v) revenue recognized of $0.1million related to both research and development services as well as the amortization of the non-exclusive research license under the2015 Agreements. Additionally, the Company recognized revenue related to a one-time low seven-digit milestone payment upon thedosing of the second patient in a clinical trial with the initial product candidate in the third quarter of 2019.
As of December 31, 2021 and 2020 there was $0.0 million and $0.4 million of current deferred revenue related to thecollaboration with Vertex, respectively. As of December 31, 2021 and 2020, there was $12.3 million and $11.8 million of non-currentdeferred revenue, respectively, related to the collaboration with Vertex. The transaction price allocated to the remaining performanceobligations was $12.3 million.

Future Milestones under the Vertex Agreements
The Company has evaluated the milestones that may be received in connection with the Vertex Agreements. As discussedabove, the Company is eligible to receive up to $410.0 million in additional development, regulatory and commercial milestones androyalties on net product sales for each of the three collaboration targets that Vertex licensed in the fourth quarter of 2019. Eachmilestone is payable only once per collaboration target, regardless of the number of products directed to such collaboration target thatachieve the relevant milestone event.
The Company is eligible to receive additional potential future payments of up to $775.0 million based upon the successfulachievement of specified development, regulatory and commercial milestones for the DMD and DM1 programs. The Company is alsoeligible to receive tiered royalties on future net sales on any products that may result from this collaboration; however, the Companyhas the option to forego the DM1 milestones and royalties to co-develop and co-commercialize all DM1 products globally.
The Company is eligible to receive additional potential future payments of up to $200.0 million upon receipt by Vertex of thefirst marketing approval of the initial product candidate from the U.S. Food and Drug Administration or the European Commission. Inaddition, the Company has the option to conduct research at their own cost in certain defined areas that, if beneficial to the CTX001program and CTX001 ultimately achieves regulatory approval in such areas, then the Company could be entitled to certain milestonepayments aggregating to high eight digits from Vertex.
Each of the remaining milestones are fully constrained as of December 31, 2021. There is uncertainty that the events to obtainthe research and developmental milestones will be achieved given the nature of clinical development and the stage of theCRISPR/Cas9 technology. The remaining research, development and regulatory milestones will be constrained until it is probable thata significant revenue reversal will not occur. Commercial milestones and royalties relate predominantly to a license of intellectualproperty and are determined by sales or usage-based thresholds. The commercial milestones and royalties are accounted for under theroyalty recognition constraint and will be accounted for as constrained variable consideration. The Company applies the royaltyrecognition constraint for each commercial milestone and will not recognize revenue for each until the subsequent sale of a licensedproduct (achievement of each) occurs.
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Accounting Analysis under ASC 808
In connection with the Vertex Agreements, the Company identified the following collaborative elements, which are accountedfor under ASC 808: (i) development and commercialization services for shared products, including any transition services related toCTX001 under the A&R JDCA; (ii) R&D Services for follow-on products; and (iii) committee participation. The related impact of thecost sharing associated with research and development is included in research and development expense. Expenses related to servicesperformed by the Company are classified as research and development expense. Payments received from Vertex for partialreimbursement of expenses are recorded as a reduction of research and development expense.
During the years ended December 31, 2021, 2020 and 2019, the Company recognized $111.6 million, $48.6 million, and $29.2million of research and development expense related to the Vertex Agreements, respectively. Research and development expense forthe years ended December 31, 2021, 2020 and 2019 is net of $47.4 million, $28.2 million, and $15.9 million of reimbursements fromVertex, respectively.

Accounting Analysis under ASC 730
In connection with the 2019 Agreements, the Company and Vertex agreed that one of the four remaining options under the 2015Agreements, as amended, would not be exercised; instead, the Company will conduct research and development activities for aspecified target. Vertex will have the option to co-develop and co-commercialize the specified target upon IND filing in exchange forpayment of 50% of research and development costs incurred by the Company from the effective date of the agreement through INDfiling. If Vertex does not exercise its option to do so within a specified time period, Vertex is eligible to receive up to $395.0 millionin potential specified research, development, regulatory and commercial milestones and tiered single-digit royalties on future net sales.
In connection therewith, the Company determined that in order for the Company to obtain the right to conduct research anddevelopment activities on the specified target, the Company had waived its right to receive an option exercise payment of $10.0million from Vertex, which was included as non-cash consideration in the transaction price for the 2019 Agreements described above.The Company then subsequently reacquired its rights to the specified target by waiving payment owed by Vertex of $10.0 million fora license that represents in-process research and development and therefore, $10.0 million of non-cash consideration was fullyexpensed upon the execution of the 2019 Agreements. The Company also determined that research and development services throughIND for the specified target and any payment of future development and commercialization milestones, as well as sales-basedmilestones and royalties for the specified target, would be accounted for as research and development costs under ASC 730 andexpensed as incurred.  In addition, the Company also determined that should the Company elect its option to co-develop and co-commercialize all DM1 products globally, it will record the option fee as research and development expense upon exercise.
In connection with the A&R Vertex JDCA, Vertex has the option to conduct research at their own cost in certain defined areasthat, if beneficial to the CTX001 program and CTX001 ultimately achieves regulatory approval in such areas, then the Company couldowe Vertex certain milestone payments aggregating to high eight digits, subject to certain limitations on the profitability of theCTX001 program.

Agreements with Bayer Healthcare LLC
Summary

On December 19, 2015, the Company entered into an agreement with Bayer, to establish a joint venture to focus on the researchand the development of new therapeutics to cure blood disorders, blindness and congenital heart disease. On February 12, 2016, theCompany and Bayer completed the formation of the joint venture entity, Casebia. Bayer and the Company each received a 50% equityinterest in the entity in exchange for their respective contributions to the entity. At that time, the Company also entered into a separateservice agreement with Casebia, under which the Company agreed to provide compensated research and development services.Collectively, these agreements are referred to as the “2015 Casebia Agreements.”
On December 13, 2019, the Company, Bayer and Casebia entered into a series of transactions by which, among other things, theCompany acquired 100% of the partnership interests in Casebia, or the Retirement Agreement, the Company and Bayer terminatedtheir joint venture, or the Joint Venture Termination Agreement, and the Company and Bayer entered into a new option agreement, orthe 2019 Option Agreement. Collectively, these agreements are referred to as the “2019 Casebia Agreements.”
In connection with the Retirement Agreement, Casebia retired Bayer’s outstanding partnership interests in exchange for $22.0million less certain estimated interim operating expenses of $6.0 million, and the Company acquired 100% of the partnership interestsin Casebia.
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In connection with entering into the Retirement Agreement, the Company, Bayer and Casebia entered into the Joint VentureTermination Agreement. In connection therewith, the Company and Bayer agreed to terminate the Joint Venture Agreement fromDecember 2015. Under the Joint Venture Termination Agreement, Casebia-owned patents are now co-owned by the Company andBayer, subject to certain exclusive licenses granted therein. Under the Joint Venture Termination Agreement, the Company and Bayereach retained rights to their respective contributed intellectual property.
In connection with entering into the Retirement Agreement and the Joint Venture Termination Agreement, the Company andBayer also entered into the 2019 Option Agreement, under which, among other things, the Company committed to invest a specifiedamount in certain research and development activities as described under “Accounting Analysis – Accounting for 2019 CasebiaAgreements”. In addition, Bayer has an option (exercisable during a specified exercise period defined by future events, but in no eventlonger than 5 years after the effective date of the 2019 Option Agreement) to co-develop and co-commercialize two products for thediagnosis, treatment or prevention of certain autoimmune disorders, eye disorders, or hemophilia A disorders. In the event Bayerelects to co-develop and co-commercialize a product, the parties will negotiate and enter into a co-development and co-commercialization agreement, or the Co-Commercialization Agreement, for such product, and Bayer would be responsible for 50% ofthe research and development costs incurred by the Company for such product going forward. Bayer would receive 50% of all profitsfrom sales of such product and would be responsible for 50% of all losses.
If Bayer elects to exercise its option to co-develop and co-commercialize a product, Bayer will make a one-time $20.0 millionpayment, or the Option Payment, to the Company that will become non-refundable once the parties execute a Co-CommercializationAgreement with respect to such optioned product. The Option Payment is payable only once with respect to the first time Bayerexercises an option under the 2019 Option Agreement.
In addition, following Bayer’s exercise of its option and/or the execution of the Co-Commercialization Agreement for anoptioned product, for a period beginning on the effective date of such Co-Commercialization Agreement and ending on the earlier ofthe three month anniversary of such effective date or during the 90-day negotiation process of such Co-Commercialization Agreement,Bayer has a right to negotiate an exclusive license to develop and commercialize such optioned product. If Bayer exercises such right,the parties will enter into an exclusive license agreement for such optioned product on terms mutually agreeable to the parties. Further,the Option Payment paid for such optioned product would become credited against payments due under such exclusive license or anyother exclusive license entered into in connection with the 2019 Option Agreement.
Either party may terminate the 2019 Option Agreement upon the other party’s material breach, subject to specified notice andcure provisions. The Company may also terminate the 2019 Option Agreement in the event Bayer commences or participates in anyaction or proceeding challenging the validity or enforceability of any Company patent necessary or useful for the research,development, manufacture or commercialization of a product that is the subject of the 2019 Option Agreement. Bayer may alsoterminate the 2019 Option Agreement upon the Company’s bankruptcy or insolvency, or for convenience at any time, after givingwritten notice.

Accounting Analysis
Accounting for the 2015 Casebia Agreements

Transactions under the 2015 Casebia Agreements ceased on the effective date of the 2019 Casebia Agreements. There was nofinancial impact of the 2015 Casebia Agreements for the years ended December 31, 2021 and 2020.
For the year ended December 31, 2019, the only element of the 2015 Casebia Agreements accounted for in accordance withASC 808 was the cost sharing activity with Casebia with respect to shared research and technology licenses with other vendors forwhich the Company determined the arrangement was a cost/profit sharing arrangement and not a revenue arrangement. The relatedimpact of the cost sharing included in R&D expense for the year ended December 31, 2019 was not material. Cost sharing activityceased with the execution of the 2019 Casebia Agreements.
For the year ended December 31, 2019, the only element of 2015 Casebia Agreements accounted for in accordance with ASC606 was the obligation to perform research and development services for Casebia. Revenue recognized for research and developmentwas not material for the year ended December 31, 2019. This performance obligation was terminated upon the execution of the 2019Casebia Agreements.

Loss from Equity Method Investment
During the year ended December 31, 2019, the Company recognized $5.5 million of stock-based compensation expense relatedto Casebia employees. Unrecognized equity method losses in excess of the Company’s equity investment in Casebia was $72.0
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million as of December 31, 2019. Total net loss of Casebia for the period ending December 13, 2019 (prior to the Company’sconsolidation of Casebia) was $58.8 million.
Accounting for the 2019 Casebia Agreements

The Company determined that the Retirement Agreement and Joint Venture Termination Agreement resulted in the Companyobtaining a controlling interest in Casebia and should be accounted for as a separate component from the 2019 Option Agreement. Indoing so, the Company allocated the consideration transferred of $41.0 million (consisting of $16.0 million of assets acquired net ofthe purchase price, as displayed in the table below, and $25.0 million of cash allocated to the 2019 Option Agreement) between thetwo components using a relative fair value approach. The Company determined the relative fair value related to obtaining a controllinginterest in Casebia was $32.0 million and the relative fair value of the consideration transferred related to the 2019 Option Agreementwas $25.0 million, which is comprised of $20.2 million related to certain research and development activities and $4.8 million relatedto certain options as described above.
As a result of the Retirement Agreement, the Company determined that it had obtained a controlling interest in a VIE, for whichit became the primary beneficiary. As such, under ASC 810, Consolidation, the Company accounted for the net assets obtained underASC 805, Business Combinations. In accordance therewith, the Company determined the set of acquired assets and assumed liabilitiesdid not meet the definition of a business, as the Company did not acquire an assembled workforce and thus the Company did notacquire substantive processes capable of producing outputs. As such, no goodwill was recorded. The Company measured the fairvalue of the assets and liabilities received, determining the relative fair value was $16.0 million (after paying the $16.0 million forBayer’s 50% interest) and recorded the difference between that amount and the Company’s carrying amount, which was zero, as again within other income (expense). The relative fair value of the assets and liabilities received (exclusive of the $16.0 million paidfrom Casebia to Bayer to retire Bayer’s interest in the JV) was determined as follows (in thousands):

Fair value AmountCash and cash equivalents $ 6,784Prepaid expenses and other current assets 2,565Property, plant and equipment, net 9,340Operating lease assets 11,003Restricted cash 1,226Accrued expenses and other current liabilities (3,915)Operating lease liabilities (11,003)Net assets $ 16,000
The value of the reacquired rights related to the intellectual property was determined to be insignificant.
The Company determined that the 2019 Option Agreement should be accounted for under ASC 730-20. This determination wasbased on the fact that the financial risk associated with the research and development has been transferred to the Company becauserepayment of any of the funds provided by Bayer depends solely on the results of the research and development having a futureeconomic benefit. The Company further determined that it had two separate obligations under the 2019 Option Agreements, whichconsist of (i) research and development services and (ii) future delivery of up to two options for products in defined fields. Therelative fair value of the obligations was determined to be $20.2 million and $4.8 million, respectively. As the Company has accountedfor its obligations as a contract to perform research and development for others, with respect to the obligation to perform research anddevelopment services the Company will recognize an offset to research and development expense as the research is performed and,with respect to the future delivery of up to two option for products in defined fields, at the earlier of option exercise (at or near INDapplication filing), expiration, or when commercially reasonable efforts to progress the program have been exhausted.
During the years ended December 31, 2021 and 2020, the Company recorded a benefit of $7.0 million and $13.2 million toresearch and development expense for qualifying expenses incurred under the 2019 Option Agreement. As of December 31, 2021, theCompany has recorded $4.8 million in other long-term liabilities consisting of the relative fair value of the options, which wasunchanged from December 31, 2020. As of December 31, 2020, the Company recorded $7.0 million in other current liabilities relatingto certain research and development obligations to be satisfied within one year of the balance sheet date. All research and developmentobligations under the 2019 Option Agreement were satisfied as of December 31, 2021.
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10. Share Capital
The Company had 145,364,335 and 115,172,786 authorized common shares as of December 31, 2021 and 2020, respectively,with a par value of CHF 0.03 per share. Share Capital consisted of the following:

As of December 31,Type of Share Capital  Conditional Capital 2021 2020Common shares Registered share capital 80,321,227 75,133,951Common shares Authorized share capital 39,316,975 17,625,426Common shares Conditional share capital - Bonds or similar debt instruments 4,919,700 4,919,700Common shares Conditional share capital - Employee benefit plans 20,806,433 17,493,709Total 145,364,335 115,172,786
Included in registered share capital are 5,038,262 shares registered, which are held by the Company and its subsidiaries and arereserved for future issuance for financings.

Common Share Issuances
Recent Public Offerings

In November 2019, the Company sold 4.9 million common shares through an underwritten public offering (inclusive of sharessold pursuant to the exercise of the underwriters’ option to purchase additional shares) at a public offering price of $64.50 per sharefor aggregate net proceeds of $297.4 million, which were net of equity issuance costs of $17.8 million. Additional equity issuancecosts of $3.0 million for stamp taxes were also paid in 2019.
In July 2020, the Company sold 7.4 million common shares through an underwritten public offering (inclusive of shares soldpursuant to the exercise of the underwriters’ option to purchase additional shares) at a public offering price of $70.00 per share foraggregate net proceeds of $484.8 million, which were net of equity issuance costs and stamp tax of $32.5 million.

At-the-Market Offerings
In the first quarter of 2019, the Company began to issue and sell securities under an Open Market Sale AgreementSM enteredinto with Jefferies LLC, or Jefferies, in August 2018, under which the Company was able to offer and sell, from time to time, commonshares having aggregate gross proceeds of up to $125.0 million, or the 2018 ATM. During the year ended December 31, 2019, theCompany issued and sold an aggregate of 2.8 million common shares at an average price of $44.38 per share for aggregate netproceeds of $120.6 million, which were net of equity issuance costs of $4.4 million. In addition, the Company paid approximately$0.9 million in stamp taxes during the year ended December 31, 2019 and accrued an additional $0.3 million for stamp taxes as ofDecember 31, 2019.  The Company paid the $0.3 million for stamp taxes in 2020.
In August 2019, the Company entered into an Open Market Sale AgreementSM with Jefferies under which the Company was ableto offer and sell, from time to time at its sole discretion through Jefferies, as its sales agent, its common shares, or the August 2019Sales Agreement. In August 2019, the Company filed a prospectus supplement with the SEC to offer and sell, from time to time,common shares having aggregate gross proceeds of up to $200.0 million, or the 2019 ATM. During the year ended December 31,2020, the Company issued and sold an aggregate of 2.2 million common shares under the 2019 ATM at an average price of $89.47 pershare for aggregate proceeds of $195.5 million, which were net of equity issuance costs of $4.5 million.
In December 2020, in connection with the August 2019 Sales Agreement, the Company filed a prospectus supplement with theSEC to offer and sell, from time to time, common shares having aggregate gross proceeds of up to $350.0 million, or the 2020 ATM.During the year ended December 31, 2020, the Company issued and sold an aggregate of 1.8 million common shares under the 2020ATM at an average price of $169.57 per share for aggregate proceeds of $298.0 million, which were net of equity issuance costs of$4.5 million. Additional equity issuance costs for stamp taxes related to shares sold in 2020 related to the 2019 ATM and 2020 ATMwere $4.9 million, of which $4.0 million was accrued as of December 31, 2020 and paid in 2021.
In January 2021, the Company issued and sold under the 2020 ATM an aggregate of 0.3 million common shares at an averageprice of $162.46 per share with aggregate proceeds of $46.7 million, which were net of equity issuance costs of $0.7 million. Anadditional $0.5 million of stamp taxes related to this amount was paid in 2021.
In January 2021, in connection with the August 2019 Sales Agreement, the Company filed a prospectus supplement with theSEC to offer and sell, from time to time, common shares having aggregate gross proceeds of up to $600.0 million, or the 2021 ATM.As of December 31, 2021, the Company has issued and sold an aggregate of 1.1 million common shares under the 2021 ATM at anaverage price of $169.82 per share for aggregate proceeds of $177.8 million, which were net of equity issuance costs of $2.4 million.An additional $1.8 million of stamp taxes related to this amount was paid in 2021.
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The Common Shares have the following characteristics:
Voting Rights

The holders of common shares are entitled to one vote for each common share held at all meetings of shareholders.
Dividends

The holders of common shares are entitled to receive dividends, if and when resolved upon by the general meeting ofshareholders based on a respective proposal by the Board of Directors and provided that the Company disposes of sufficient freelydistributable reserves. As of December 31, 2021, no dividends have been declared or paid since the Company’s inception.
Liquidation

The holders of the common shares are entitled to share ratably in the Company’s assets available for distribution to shareholdersin the event of any voluntary or involuntary liquidation, dissolution or winding up of the Company or upon the occurrence of adeemed liquidation event.
11. Equity-based Compensation

Option and Grant Plans
In April 2015, the Company’s shareholders approved the 2015 Stock Option and Grant Plan, or the 2015 Plan, and in July 2016,the Company’s shareholders approved the 2016 Stock Option and Incentive Plan, or the 2016 Plan.  In May 2018, the Company’sshareholders approved the 2018 Stock Option and Incentive Plan, or the 2018 Plan (collectively, the “Plans”). Subsequent to the IPO,no further options were granted under the 2015 Plan. The Plans provide for the issuance of equity awards in the form of restrictedshares, options to purchase common shares which may constitute incentive stock options, or ISOs, or non-statutory stock options, orNSOs, unrestricted stock unit grants, and qualified performance and market-based awards to eligible employees, officers, directors,non-employee consultants and other key personnel. Terms of the equity awards, including vesting requirements, are determined by theCompany’s board of directors, subject to the provisions of the Plans. Options granted by the Company typically vest over four yearsand have a contractual life of ten years. Restricted stock unit grants typically vest over two to three years. At December 31, 2021, theCompany had 25,005,365 common shares authorized for issuance under the 2018 Plan and 10,298,664 common shares available forfuture grant under the 2018 Plan.

Equity-Based Compensation Expense
The Company recognized stock-based compensation expense totaling $102.4 million, $66.0 million, and $49.5 million duringthe years ended December 31, 2021, 2020 and 2019, respectively. Stock-based compensation expense by classification within theconsolidated statements of operations and comprehensive income (loss) is as follows (in thousands):

Years Ended December 31,2021 2020 2019Research and development $ 59,683 $ 35,120 $ 23,273General and administrative 42,707 30,898 20,784Loss from equity method investment — — 5,467Total $ 102,390 $ 66,018 $ 49,524

As of December 31, 2021, there was $150.6 million and $71.4 million of unrecognized compensation expense related tounvested stock options and restricted stock units, respectively, that is expected to be recognized over a weighted-average period of 2.7and 2.5 years, respectively.
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Stock Options
The fair value of each option issued to employees was estimated at the date of grant using the Black-Scholes option pricingmodel with the following weighted-average assumptions:

Years Ended December 31,
2021 2020 2019Options granted 1,616,255 2,182,773 2,832,784Weighted-average exercise price $ 124.32 $ 68.91 $ 39.16Weighted-average grant date fair value $ 77.38 $ 42.28 $ 24.57Assumptions:Expected volatility 70.3% 69.2% 68.9%Expected term (in years) 6.0 6.0 6.0Risk-free interest rate 1.0% 0.6% 2.2%Expected dividend yield 0.0% 0.0% 0.0%

The following table summarizes stock option activity under the Company’s equity award plans (intrinsic value in thousands):

Shares
Weighted-AverageExercise Price

Weighted-AverageRemainingContractualTerm (years)
AggregateIntrinsicValueOutstanding at December 31, 2020 8,101,980 $ 42.44 7.8 $ 896,666

Granted 1,616,255 $ 124.32Exercised (1,245,071) $ 30.96Cancelled or forfeited (660,182) $ 79.54Outstanding at December 31, 2021 7,812,982 $ 58.07 7.4 219,103
Exercisable at December 31, 2021 4,598,353 $ 40.86 6.6 $ 174,056Vested and expected to vest at December 31,2021 7,812,982 $ 58.07 7.4 $ 219,103

During 2021 and 2020, the Company did not grant stock option awards subject to performance-based or market-based vestingconditions. As of December 31, 2021, options to purchase 998,504 common shares subject to performance-based vesting conditionswere vested, as performance conditions were achieved, and there were 123,057 options to purchase common shares subject toperformance-based vesting conditions outstanding. Activity related to stock options subject to performance-based vesting conditions isincluded in the table above.
During 2017, the Company granted 150,000 options with market-based vesting conditions, of which 75% vest at the end of athree-year service period and 25% vest at the end of a four-year service period. Upon achieving a specified average stock price in prioryears, the market conditions were satisfied. Expense for the options is being recognized over the requisite service period. As ofDecember 31, 2021, 150,000 of the stock options had vested.
The total intrinsic value (the amount by which the fair market value exceeded the exercise price) of stock options exercisedduring the year ended December 31, 2021, 2020 and 2019 was $119.5 million, $104.2 million, and $42.2 million, respectively.
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Restricted Stock
The following table summarizes the restricted stock activity under the Company’s equity award plans:

Shares

Weighted-AverageGrant DateFair ValueUnvested balance at December 31, 2020 894,092 $ 70.55Granted 628,175 111.73Vested (455,440) 58.00Cancelled or forfeited (132,652) 100.25Unvested balance at December 31, 2021 934,175 $ 100.14
During the years ended December 31, 2021, 2020 and 2019, the total fair value of restricted stock vested was $45.3 million,$21.6 million, and $3.6 million, respectively.

Award modifications
Equity award modifications for certain equity awards held by departing employees and non-employees for the years endedDecember 31, 2021, 2020 and 2019 were not material to the Company's stock-based compensation expense.

Employee Stock Purchase Plan
On July 19, 2016, the Company’s board of directors adopted its 2016 Employee Stock Purchase Plan, or the ESPP Plan, whichwas subsequently approved by its shareholders and became effective on October 19, 2016. The ESPP Plan authorizes the initialissuance of up to a total of 0.4 million shares of the Company’s common stock to participating employees. The Company activated itsESPP Plan on January 1, 2020.  The Company issued 21,590 and 13,410 shares under the ESPP during the years ended December 31,2021 and 2020, respectively.

12. Net Income (Loss) Per Share Attributable to Common Shareholders
Basic net income (loss) per share is calculated by dividing net income (loss) attributable to common shareholders by theweighted-average number of common shares outstanding during the period. Diluted net income (loss) per share is calculated bydividing the net income (loss) attributable to common shareholders by the weighted-average number of common share equivalentsoutstanding for the period, including any dilutive effect from outstanding stock options and warrants using the treasury stock method.The Company’s net income (loss) is net income (loss) attributable to common shareholders for all periods presented.
The following table sets forth the computation of basic and diluted net income (loss) per share for the periods ended (inthousands, except share and per share amounts):

Year ended December 31,2021 2020 2019
Net income (loss) $ 377,661 $ (348,865) $ 66,858Basic weighted-average common shares outstanding 75,948,686 65,949,672 54,392,304Effect of potentially dilutive securities:Outstanding options 3,990,579 — 2,406,962Unvested restricted common shares 454,231 — 133,532Diluted weighted-average common shares outstanding 80,393,496 65,949,672 56,932,798Net income (loss) per common share — basic $ 4.97 $ (5.29) $ 1.23Net income (loss) per common share — diluted $ 4.70 $ (5.29) $ 1.17
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The Company did not include the securities in the following table in the computation of the net income (loss) per sharecalculations because the effect would have been anti-dilutive during each period:
Year ended December 31,2021 2020 2019Outstanding options 1,765,881 8,101,980 3,789,129Unvested restricted common shares 225,904 894,092 108,625ESPP 6,671 11,257 —Total 1,998,456 9,007,329 3,897,754

13. 401(k) Savings Plan
The Company established a defined-contribution savings plan under Section 401(k) of the Internal Revenue Code (the “401(k)Plan”) in November 2016. The 401(k) Plan covers all employees who meet defined minimum age and service requirements and allowsparticipants to defer a portion of their annual compensation on a pretax basis. The Company contributed $3.4 million, $1.9 million,and $1.1 million to the 401(k) Plan for the year ended December 31, 2021, 2020 and 2019, respectively.

14. Income Taxes
The Company is subject to U.S. federal and various state corporate income taxes as well as taxes in foreign jurisdictions for theforeign parent and where foreign subsidiaries have been established.

Net income (loss) before taxes
For the years ended December 31, 2021, 2020 and 2019, the income (loss) before provision for income taxes consist of thefollowing (in thousands):

Years Ended December 31,2021 2020 2019Domestic $ 4,569 $ 7,630 $ 9,155Foreign 374,962 (355,686) 58,151Total $ 379,531 $ (348,056) $ 67,306
The (provision for) benefit from income taxes consist of the following (in thousands):

Years Ended December 31,2021 2020 2019Current income taxes:Federal $ (80) $ (248) $ (423)State (42) (151) (59)Foreign — (1) 0Total current income taxes (122) (400) (482)Deferred income taxes:Federal (1,748) (409) 34State — — —Foreign — — —Total deferred income taxes (1,748) (409) 34Total income tax (provision) benefit $ (1,870) $ (809) $ (448)
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A reconciliation of income tax expense computed at the statutory corporate income tax rate to the effective income tax rate forthe years ended December 31, 2021, 2020 and 2019 is as follows:
Years Ended December 31,2021 2020 2019Income tax expense at statutory rate 11.9% 11.9% 9.3%State income tax, net of federal benefit (1.0)% 1.0% (2.1)%Nondeductible expenses 0.7% 0.1% (0.1)%Foreign rate differential 0.6% (0.1)% 2.0%Statutory to US GAAP permanent differences 0.0% 0.0% 0.1%Stock-based compensation (2.5)% 2.3% (2.0)%Impact of deferred rate change 0.0% 0.0% (12.2)%Research credits (4.2)% 3.3% (5.2)%Change in valuation allowance (5.0)% (18.7)% 10.9%Effective income tax rate 0.5% (0.2%) 0.7%

The federal statutory rate reflects the Switzerland mixed company service rate.
Deferred taxes are recognized for temporary differences between the basis of assets and liabilities for financial statement andincome tax purposes. The significant components of the Company’s deferred tax assets are comprised of the following (in thousands):

Years Ended December 31,2021 2020Deferred tax assets:Net operating loss carryforwards $ 47,190 $ 84,531Accruals and reserves 5,878 4,785Operating lease liabilities 61,476 16,782Other deferred tax assets 6,362 1,517Stock-based compensation 14,042 9,605Deferred revenue — 86Research credit 37,878 19,526Total deferred tax assets 172,826 136,832Less valuation allowance (98,649) (116,640)Net deferred tax assets 74,177 20,192Deferred tax liabilities:Depreciation (28,579) (6,778)Operating lease assets (47,521) (13,776)Intangible assets (31) (31)Other deferred tax liabilities (192) (4)Total deferred tax liabilities (76,323) (20,589)Long term deferred taxes $ (2,146) $ (397)

The Company has evaluated the positive and negative evidence bearing upon the realizability of its deferred tax assets. Based onthe Company’s history of worldwide operating losses, the Company has concluded that it is more-likely-than-not that the benefit of itsU.S. and non-U.S. deferred tax assets will not be realized. Accordingly, as of December 31, 2021 and 2020, the Company hasprovided a full valuation allowance against its net deferred tax assets in Switzerland and the United Kingdom. The Company has alsoprovided a valuation allowance against the U.S. deferred tax assets that cannot be realized by existing deferred tax liabilities basedupon when they are scheduled to reverse. The valuation allowance decreased by $18.0 million during 2021, which is primarilyattributable to decreases in net operating loss carryforwards as a result of current year net income.
As of December 31, 2021, the Company had available U.S. federal net operating loss carryforwards of $3.3 million. The U.S.federal net operating losses can be carried forward indefinitely. As of December 31, 2021, the Company had available non-U.S. netoperating loss carryforwards of $772.9 million of which $385.2 million relate to Switzerland, $385.2 million relate to the Canton ofZug, and $2.5 million relate to the Company’s wholly-owned subsidiary in the United Kingdom. The net operating losses generated inSwitzerland and the Canton of Zug begin to expire in 2027 and the net operating losses generated in the United Kingdom can becarried forward indefinitely.
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As of December 31, 2021, the Company had U.S. domestic federal research and development credit carryforwards of $19.4million begin to expire in 2039 for federal purposes, which are net of uncertain tax positions of $9.9 million. As of December 31,2021, the Company had U.S. domestic federal orphan drug credit carryforwards of $10.6 million which begin to expire in 2040 forfederal purposes, which are net of uncertain tax positions of $4.5 million. As of December 31, 2021, the Company had U.S. domesticstate research and development credit carryforwards of $10.0 million which begin to expire in 2035, which are net of uncertain taxpositions of $7.0 million.
ASC 740 clarifies the accounting for uncertainty in income taxes recognized in an enterprise’s financial statement byprescribing the minimum recognition threshold and measurement of a tax position taken or expected to be taken in a tax return.
As of December 31, 2021, the Company had gross unrecognized tax benefits of $21.4 million of which $19.9 million wouldfavorably impact the effective tax rate if recognized. The Company will recognize interest and penalties related to uncertain taxpositions in income tax expense. As of December 31, 2021, 2020 and 2019, the Company had no accrued interest or penalties relatedto uncertain tax positions and no amounts have been recognized in the Company’s consolidated statements of operations andcomprehensive loss.
The aggregate changes in gross unrecognized tax benefits were as follows (in thousands):

Years Ended December 31,2021 2020 2019Balance at beginning of year $ 11,967 $ 5,231 $ 1,595Increases for tax positions taken during current period 9,911 7,004 2,754Increases for tax positions taken in prior periods — — 882Decreases for tax positions taken during current period — — —Decreases for tax positions taken in prior periods (483) (268) —Balance at end of year $ 21,395 $ 11,967 $ 5,231

The Company files income tax returns in the U.S. federal jurisdiction, Massachusetts, California and certain non-U.S.jurisdictions. The Company is subject to U.S. federal, Massachusetts, California and non-U.S. income tax examinations by authoritiesfor tax years ending after December 31, 2017. Research credits generated in prior tax years that are closed for examination may still beadjusted upon future examination if they have or will be used in a future period. The Company is subject to income tax examinationsby authorities in its non-U.S. jurisdictions for all years.
15. Related Party Transactions

Casebia
Prior to the termination of the joint venture, Casebia was a related party under ASC 850, Related Party Disclosures (“ASC850”). Refer to Note 9, “Agreements with Bayer Healthcare LLC”.

Vertex
In the fourth quarter of 2018, upon becoming owners of record of more than 10% of the voting interest of the Company, Vertexbecame a related party under ASC 850. As of July 2, 2019, upon becoming owners of record of less than 10% of the voting interest ofthe Company, Vertex was no longer a related party under ASC 850.  Refer to Note 9, “Agreements with Vertex PharmaceuticalsIncorporated and certain of its subsidiaries”.
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